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TATCGACCACTCGCTGTACACAGf??rT^?S^i5'^'^^^^ 
GGmCTGGCTAGGAGAoS^G^i???^^^ 


CG^GCCrGCGCC^SG^SSSlg?^ 


FIG. lA 


2/26 



GGACMCCTGXGGGaCMSfcSGSG^^^^ 



GCCTTTCTTTGACTcfCTlCT>S^^^ 



GACAGGATCTG;C^^TCbAcV^^ 
GTGGCACCACCAACCTTCGTTTG^^cS^r^^^ 

tcaaggcagcctcctSacSSmg^?^?!?^ 
ctggtgtgctggcaagcaScac^ccS^]?-^^^^ 

TACCTAATGGGTGAGGTTAOJMCCA^^^ 
AGACTGTGGCTACMG!aTcSArArAA?2^^ 


FIG. IB 
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MAQALPWLLLWMGAGVLPAHGTQHGIRLPLRSGLGGAPLGLRLP 

RETDEEPEEPGRRGSFVEMVDNLRGKSGQGYYVEMTVGSPPQT 

LNILVDTGSSNFAVGAAPHPFLHRYYQRQLSSTYRDLRKGVYVPY 

TQGKWEGELGTDLVSIPHGPNVTVRANIAAITESDKFFINGSNWE 

GILGUYAEIARPDDSLEPFFDSLVKQTHVPNLFSLQLCGAGFPLN 

QSEVLASVGGSMIIGGIDHSLYTGSLWYTPIRREWYYEVIIVRVEIN 

GQDLKMDCKEYNYDKSIVDSGTTNLRLPKKVFEAAVKSIKAASST 

EKFPDGFWLGEQLVCWQAGTTPWNIFPVISLYLMGEVTNQSFRIT 

JLPQQYLRPVEDVATSQDDCYKFAISQSSTGTVMGAVIMEGFYW 

FDRARKRIGFAVSACHVHDEFRTAAVEGPFVTLDMEDCGYNIPQ 

TDESTLMTIAYVMAAICALFMLPLCLMVCQWRCLRCLRQQHDDF 
ADDISLLK 

FIG. 2A 
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ETDEEPEEPGRRGSFVEMVDNLRGKSGQGYYVEMTVGSPPQT 

LNILVDTGSSNFAVGAAPHPFLHRYYQRQLSSTYRDLRKGVYVPY 

TQGKWEGELGTDLVSIPHGPNVTVRANIAAITESDKFFINGSNWE 

GILGLAYAEIARPDDSLEPFFDSLVKQTHVPNLFSLQLCGAGFPLN 

QSEVLASVGGSMIIGGIDHSLYTGSLWYTPIRREWYYEVIIVRVEIN 

GQDLKMDCKEYNYDKSIVDSGTTNLRLPKKVFEAAVKSIKAASST 

EKFPDGFWLGEQLVCWQAGTTPWNIFPVISLYLMGEVTNQSFRIT 

ILPQQYLRPVEDVATSQDDCYKFAISQSSTGTVMGAVIMEGFYW 

FDRARKRIGFAVSACHVHDEFRTAAVEGPFVTLDMEDCGYNIPQ 

TDESTLMTIAYVMAAICALFMLPLCLMVCQWRCLRCLRQQHDDF 
ADDISLLK 

FIG. 2B 


\ 


5/26 
FIG. 3A 


^w™rarkr,gfavsachvhdefrtmvegpfvtldmedcgyn.pqtded 


FIG. 3B 


NYDKSIVDSGTTNL 
^V^lWRKR,GFAVSACHVHDEFRTAAVEGPBm.DMEOCGyN,PQTDED 


6/26 



10000^ 


8000- 

enzyi 


6000- 



iM/hr 

4000- 

c 

2000- 


GEC of recombinant 0-secretase 

67GkD 158kD 

t t 


" 1 I I — r- 
2 3 4 5 



44kD 
t 


7 8 9 10 11 12 13 iTlS^ie 17 18 19 20 

fraction number 


BIG. 4 


7/26 



8/26 


froctlon- 


froction- 


n 12 13 14 15 16 17 18 19 20 21 22 11 12 13 14 15 16 17 IS 19 20 21 22 23 24 

I « 1-4 I" 



-200 hO 
M -100 KD 

•65 IcD 


•43 kD 

•34 kO 
•24 kO 


REDUCING 


NONREDUaNG <J^C>M^ 


FIG. 6A 


FIG. 6B 


9/26 


Affinity - 

3 


£ 2 «^ 

> ^ CO f(3 C4 

^ -2 m til ITI 


i 

1 

4> 


•3 


;r W W W -H 
LL ^ ^ ^ m 


^ LJ LJ \^lJ uJ V-J 



FIG. 7 


Affinity ' 


I I 1 I I 


FIG. 8 


10/26 


^CT OEEPecPGRRGSFVfMVnM 
GmCMC/irGARCARCCHCARGARCCNGCN«GNttGMGGNV«MTTrGTttGm^ 


I 5'primefset 


<: 


343f-3434 ^ 


3446^51 


5* primer set 2 


34S2-3455 


3* primer set 2 


I^HNC/primersetl 


(3428+3433) 
54 bp product 


I^HNC & IMR32/ primer set 2 


72 bp product 
sequence: 


3460 
S* RACE primer 


CCCGAACACCCCGGCCGGAGGGGCAGCTTTGTCGA 35 
^PEEPGRRGSFV 


ORF 


3BAC6 primer 
3459 


set 2 


FIG. 9 


11/26 


HunpSeiprot [m A 
kiipseiprot 


se 


139 



HunpSeiprot Fa A I T E 5 D K f F T m f; c m w c c t J \ : f ^ 


266 27« 

330 




418 



496 
I. 


HuopSeiprot Ih"c I R c I ft J) Q H o 0 F a"" 


see 

,0 0 I J I I K 


Fia 10 


?ei 
sei 


12/26 


tggatcxsgaaacccgtcggcctccgaacggtactccgScSSg^^ 

gagcgagtccgcatcgaccggatcggaaaacctctogactgSS 

tactccctctcaaaagosggcatgaci^ctgcxsotS^ 

AAAAACXSAGGAGGATTTGATATTCACCTGGCCCGC^T^cS?^ 

°^^°^'^^^*==A'rACACTTGAGTGACAATGACATCC 


FIG. IIA 
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FIG. 13C 
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FIG. 13D 
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CTGTTGGGCnXX3CG<m'GAGGACAAACTCTrCXK:G<n^ 

CCGTCGGCCTCCGAACGGTACTCOGCCACCGAGGGACCTGAGOT^ 

CGGAAAACCrCTCGACTCTTCGGGTGAGTACTCC^ 

AAGATTGTCAGTnXX:AAAAACGAGGAGGATr^ 

GAGGGTGGCCGCXn'CX:AKn<K}TCAGAAAAGACAATCr^ 

caggcitgagatctggcx:atacaotx3agtcac^^ 

GTGTCCACTCCCAGGTCCAACrcCAGGTX^ 


FIG. 14A 
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FIG. 16B 
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P-SECRETASE INHIBrrOR 


5 UddoftfaelnVenUon 


TTe mvention relates to inhibitor, of P-secr^tase. an enzyme that cleaves (P-amyloid 
Pi^ursor protein (APP) at one of the two cleavage sites necessary to produce (P-amyloid 
Pept.de (AP). Which are considered candidates for therapeutics in the tr«,tment of 
10 amylordogenic diseases such as Alzheimer's disease. 
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Background of the Invention 

Alzheimer's disease is characterized by the presence of numerous amyloid plaques 
and neurofibiillatory tangles present in the brain, particularly in those regions of the bram 
involved in memory and cognition, p-amyloid peptide (AP) is a 39-13 amino add peptide 

(hat is m^lor component of amyloid pkques and is produced by cleavage ofalarge protein 
known as the amyloid precursor protein (APP) at a specific site(s) within the N-termmal 
region of the protein. Nonnal pnH:essing ofAPP involves cleavage of the protein at point 
16-I7amino acids C-termind to theN-temrinusoftheP-AP region, teleasingasecreted 
««todomain.a-sAPP.thusprecludingproductionofp-AP. Cleavage by P-secretase enzyme 
25 ofAPPbetweenMet-andAsp-andsubsequentprocessingattheCtenninalendofAPF 
.: l»«»'«^APpeptide.whichishighlyimpUcatedinlheeaologyofAlzheimer'spa^^^^ 
(Seubert. Cal., in Phamiacological Treatment of Alzheimer's disease. Wiley-Uss. Inc., pp. 
345-366. 1997; ZSiao. J.. etaL J. BioL Clem. 271: 31407-31411, 1996). 

It is not clear whether P-sccretase enzyme levels and/or activity is inherenUy higher 
30 than normal in Alzheimer's patients; however, it is clear that its cleavage product, AP 

pcptidc,isabnonnallyconcentratedinamyloidph«,uespresentintheirbiau.s. Therefore it 
would be desirable to isolate, purify a«l characterize the enzyme responsible for the 


I 


pathogenic cleavage of APP in order to help answer this and other questions surrounding the 
etiology of the disease. In particular, it is also desirable to utilize the isolated enzyme, or 
active fragments thereof, in methods for screening candidate drugs for ability to inhibit the 
activity of P-secretase. Drugs exhibiting inhibitory effects on P-secretase activity are 
expected to be useful therapeutics in the treatment of Alzheimer's disease and other 
amyloidogenic disorders characterized by deposition of Ap peptide containing fibrils. 

U. S. Patent 5,744,346 (Chrysler, et al) describes the initial isolation and partial 
purification of P-secretase enzyme characterized by its size (apparent molecular weight in the 
range of 260 to 3(X) kilodaltons when measured by gel exclusion chromatography) and 
enzymatic activity (ability to cleave the 695-amino acid isotype of P-amyloid precursor 
protein between amino acids 596 and 597). The present invention provides a significant 
improvement in the purity of P-secretase enzyme, by providing a purified P-secretase enzyme 
that is at least 200 fold purer than that previously described. Such a purified protein has 
utility in a number of applications, including crystallization for structure determination. The 
invention also provides methods for producing recombinant forms of P-secretase enzymes 
that have the same size and enzymatic profiles as the naturally occurring forms. It is a further 
discovery of the present invention that human p-secretase is a so-called "aspartyl" (or 
"aspartic") protease. 

Summary of the Invention 

According to the present invention there is provided a P-secretase inhibitor, 
comprising a peptide containing the sequence SEQ ID NO: 78 (VMXVAEF, where X is 
hydroxyethyJene or statine). including conservative substitutions thereof. 

The P-secretase inhibitor may have the sequence SEQ ID NO: 78 (VMXVAEF) or 
SEQ ID No: 81 (EVMXVAEF, where X is hydroxyethylene or statine). Another p-secrctase 
inhibitor of the invention has the sequence SEQ ID NO: 72 (P10-P4'sta D— >V). 

The inhibitor may inhibit a P-secretase protein that has now been purified to apparent 
homogeneity, and in particular a purified protein characterized by a specific activity of at 
least about 0.2 x 10^ and preferably at least 1.0 x 10^ nM/h/fig protein in a representative P- 
secretase assay, the MBP-C125sw substrate assay. The resulting enzyme, which has a 
characteristic activity in cleaving the 695-amino acid isotype of p-amyloid precursor protein 


(P-APP) between amino acids 596 and 597 thereof, is at least 10,000-fold, preferably at least 
20,000-fold and, more preferably in excess of 200,000-fold higher specific activity than an 
activity exhibited by a solubilized but unenriched membrane fraction from human 293 cells, 
such as have been earlier characterized. 

The purified enzyme may be fewer than 450 amino acids in length, comprising a 
polypeptide having the amino acid sequence SEQ ID NO: 70 [63-452]. The purified protein 
may exist in a variety of "truncated forms" relative to the proenzyme referred to herein as 
SEQ ID NO: 2 [1-501], such as forms having amino acid sequences SEQ ID NO: 70 [63- 
452], SEQ ID NO: 69 [63-501], SEQ ID NO: 67 [58-501], SEQ ID NO: 68 [58-452], SEQ ID 
NO: 58 [46-452], SEQ ID NO: 74 [22-452]. The enzyme may be characterized by an N- 
terminus at position 46 with respect to SEQ ID NO: 2, and a C-teiminus between positions 
452 and 470 with respect to SEQ ID NO: 2, and more particularly, by an N-terminus at 
position 22 with respect to SEQ ID NO: 2 and a C-terminus between positions 452 and 470 
with respect to SEQ ID NO: 2. These forms are considered to be cleaved in the 
trdnsmembrane "anchor" domain. The enzyme may have the sequence of SEQ ID NO: 43 
[46-501], SEQ ID NO: 66 [22-501], or SEQ ID NO: 2 [1-501]. The enzyme may have an N- 
terminal residue corresponding to a residue selected from the group consisting of residues 22, 
46, 58 and 63 with respect to SEQ ID NO: 2 and a C-terminus selected from a residue 
between positions 452 and 501 with respect to SEQ ID NO: 2 or a C-terminus between 
-residue positions 452 and 470 with respect to SEQ ID NO: 2. The enzyme may be isolated 
from a mouse, exemplified by SEQ ID NO: 65. 

The invention also includes a crystalline protein composition containing a P-secretase 
inhibitor molecule of the present invention. Generally useful inhibitors in this regard will 
have a Ki of no more than about 50nM to 0.5 mM. 

The enzyme which is inhibited by the inhibitors of the present invention may be an 
isolated protein, comprising a polypeptide that (i) is fewer than about 450 amino acid 
residues in length, (ii) includes an amino acid sequence that is at least 90% identical to SEQ 
ID NO: 75 [63-423J including conservative substitutions thereof, and (iii) exhibits p-secretase 
activity, as evidenced by an ability to cleave a substrate selected from the group consisting of 
the 695 amino acid isotype of beta amyloid precursor protein (pAPP) between amino acids 
596 and 597 thereof, MBP-C125wt and MBP-CI25sw. Peptides which fit these criteria 
include, but are not limited to polypeptides which include the sequence SEQ ID NO: 75 [63- 
423], such as SEQ ID NO: 58 [46-452], SEQ ID NO: 74 [22-452], and may also include 


conservative substitutions within such sequences. 

According to a further embodiment, the invention includes isolated protein 
compositions, such as those described above, in combination with a p-secretase inhibitor 
molecule of the present invention, ParUcuIarly useful inhibitor include peptides derived 
from or including SEQ ID NO: 78. SEQ ID NO: 81 and SEQ ID NO: 72. Generally, such 
inhibitors will have Kis of less than about I jiM. Such inhibitors may be labeled with a 
detectable reporter molecule. Such labeled molecules are particularly useful, for example, in 
ligand binding assays. 

In accordance with a further aspect, the invention includes protein compositions, such 
as those described above, expressed by a heterologous cell which also co-express as a p- 
secretase inhibitor protein or peptide of the invention. One or both of the expressed 
molecules may be heterologous to the cell. 

The invention will be described in more detail in the following detailed description of 
the invention read in conjunction with the accompanying drawings. 

Brief Description of the Figures 

no. 1 A shows the sequence of ia polynucleotide (SEQ ID NO: 1) which encodes 
human p-secretase translation product shown in FIG. 2A. 

HG. IB shows die polynucleotide of HG. lA, including putative 5*-and 3 - 
untranslated regions (SEQ ID NO: 44). 

PAGE8-> 


FIG. 2A shows the amino acid sequence (SEQ ID NO: 2) of the predicted 
translation product of the open reading frame of the polynucleotide sequence shown in 
FIGS. lA and IB. 

HG. 2B shows the amino acid sequence of an active fragment of human p- 
secretase (SEQ ID NO: 43) [46-501]. 

HG. 3A shows the translation pioduct thai encodes an active fragment of human 
P-secretase. 452stop, (amino acids 1-452 with reference to SEQ ID NO: 2; SEQ ID NO: 
59) including a FLAG^pitope tag (underlined; SEQ ID NO: 45) at the C-temiinus. 

HG. 3B shows the amino acid sequence of a fragment of human P-secretase 
(amino acids 4M52 (SEQ ID NO: 58) with reference to SEQ ID NO: 2; including a 
FLAG-epitope tag (underlined; SEQ ID NO: 45) at the C-terminus. 

HG. 4 shows an elation profile of recombinant P-secretase elutcd from a gel 
filtration column. 

HG. 5 shows the full length amino acid sequence of P-secretase 1 -501 (SEQ ID 
NO: 2), including tiie ORF which encodes it (SEQ ID NO: 1). with certain features 
indicated, such as "active-D" sites indicating the aspartic acid active catalytic sites, a 
transmembrane region commencing at position 453. as well as leader ("Signal") sequence 
(residues 1-21 ; SEQ ID NO: 46) and putative pro region (residues 22-J5; SEQ ID NO: 
47) and where tiie polynucleotide region corresponding the pnxsnzyme region 
corresponding to amino acids 46-501 (SEQ IDNO: 43) (nt 135-1503) is shown as SEQ 
ID NO: 44 and contains an internal peptide region (SEQ ID NO: 56) and a 
transmembrane region (SEQ ID NO: 62). 

HGS. 6A and 6B show images of silver-stained SDS-PAGE gels on which 
purified P-secretase^ntaining fractions were nin under reducing (6A) and non-reducing 
(6B) conditions. 

HG. 7 shows a silver-stained SDS-PAGE of p-secretase purified from 
heterologous 293T cells expressing the recombinant enzyme. 

HG. 8 shows a silver-stained SDS-PAGE of P-secretase purified from 
heterologous Cos A2 cells expressing the recombinant enzyme. 

FIG. 9 shows a scheme in which primers derived from the polynucleotide (SEQ 
ID NO. 76 encoding N-teiroinus of purified naturally occurring p-secretase (SEQ ID NO. 
77) were used to PCR-clonc additional portions of the molecule, such as fragment SEQ 
ID NO. 79 encoding by nucleic acid SEQ ID NO. 98. as illustrated. 
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no. ,0 Show, „ .,ig™,„, ^.^ ^ 

( Human Imapaiii seq.-l.Joi SE01DNn 5% " P secraase 

FIG. 1 113 shows a linear schemalic of pCEK. 
FIG. 1 2 shows a schemalic of pCEK clone 97...^..^ 
p.secre(ase. P^'^'^ clone 27 used to trahsfec. mammahan cells with 

FIG. 1 3(A-E) shows the nucleotide sequence of nPPir i ,o,-« 
FIG. MB «h„w» a pl„, „rB.«„„,„ ^„ 
y made from he,e„|<,g„„, ^,,3 ^.^^ 

P »c«as 0 When, ,.„e, a. b. ,„d c .how „„,„3,^ ^^„^ 

respeclivcly. and lane « indicaces niaitera; 

FIG. l5BshowsanimageaiiiniagcofanSD<;p«rn 11 . 
samples of ,he Ivsales r u ^ '"P"'"' 

nCS. I6A and I6B show Western hlnto n 
■■"crease in soiaWe APP <sAPP,. '^'^ " 

^J.a,SsHowsA»M0,p,„d«,io„i„.,3Te.„sooWec,ed»i*APPa„dp- 


FIG. l9Ai„owsaschema(icofanAPP«i, . . r 
with antibodies SWl 92 and 8E-I92 in the assa ^""^ "^^^ i" conjuncioi 

^ ^ 103) and Swedish APP sequence (SEQ© NO: 104). 

FIG. 20 shows a schematic of a second APP«,i,c. . ^ 

ammo acid sequence SEO ID NO 7 • referenced to the 

I^O- 2, using conventional N-»r f,^: 

SEQ ID NO; 45 is th^ vi Ar- 

" " ""= »'■"'« PCEK a.27 (FIG. I3A-E). 


V NO. 55 ,s ammo acids 46-69 of SEQ ID NO- 2 

SEQlDNO:56isani„ten,aIpep,idcjustN.em,; .'. ' . 
P-secretase. «o ihe transmembrane domain of 

SEQlDNO:57isP-secretasc{Ml9]. 
SEQ ID NO: 58 is P-secretase [46-452). 

SEQlDNO:59isp-sec,^,ase(M52J. 
SEQIDNO:60isP-secrelascfM20]^ 
SEQ ID NO: 61 is EVMfhydroxye.hylcneJAEP 
SEQ ID NO: 62 is (he amino acid sequence of.h. . 
secretase shown in (FIG. 5). •'^"smembrane domain of p. 

SEQ ID NO: 63 is P26-P4' of APPwt 
SEQ ID NO: 64 is P26-Pr of APPwt. 

SEQ ID NO: 65 is mouse P-secretase fFlG in i ' 
^JFninxir. '^'^^^''G. 10, lower sequence). 

SEQIDNO: 66 is P-secretaser22-501J. 

SEQlDNO:67isP-secrelase[58-501]. 

SEQ ID NO: 68 is p-sccrctase [58-452]. 

SEQlDNO:69isp-secrelaser63-501]. 
SEQ ID NO: 70 is p-secretasc [63-452]. 
SEQIDNO: 71 is p-secretase [46-419] 
SEQlDNO:72isP10-P4'staD->V. 
SEQlDNO:73isP4-P4'staD->V 
SEQ ID NO: 74 is P-secretase [22-452J. 
SEQ ID NO: 75 is P-secretase (63-423J. 


SEQIDNO: 82 is APP ft.g.e„. SEVKMDAEF (P5-P4 V., 

SEQ ID NO: 84 is APP frag„,e„t SEVKLDAEF 
SEQ ID NO: 85 is APP fn^g^ent SEVKFDAEF 
SEQ ID NO: 86 is APP fr^gm^^ SEVNFDAEF 
SEQ ID NO: 87 is APP ftagment SEVKMAAEF 
SEQ ID NO: 88 is APP fragment SEYNLA AEF 

SEQ ID NO: 89 is APP ftagn^ent SEVKLAAEF 
SEQ ID NO: 90 is APP fragment SEVKMLAEF 

SEQIDNO:9l isAPPfragmentSEVNLLAEp' 
SEQ IDNO: 92 is APP fragment SEVKLLAEF 
SEQ ID NO: 93 is APP fragment SEVKFAAEF 
SEQ ID NO: 94 is APP fragment SEVNFAAEF 

^^Q^°NO:95i,APPftagmcntSEVKFLAEF 
^- ^^Q«>NO:96isAPPfiagmen.SEVNFLAEF' 

iL» NO. 98 IS a nucleic acid fragment (FIG 9) 

„ "combinanl Cos A2 Mils CTaWe 3. 

isolated from recombinanl 293T cells. 

isolated from recombinant 293T cells. 

isolated? ' " °f • »f P-^ase 

isolateJf„m recombinanl Cos A2 cells 

SBQ m NO ,04 ,s *e P-sec^ c.,,,^ ,„ ^ ^^^^ 

^3>: 


wo 00/47018 


PCr/USO0A>3819 


I- Deflmtions 

lM«s othenrise iMcated. all tenxis used hendn have Ih^^ 

•oonesldlledmac art ofthep««em invention. Pn^ctitione^a^particul^^ 

S«nbrool,er«£(,989)Molec«laraoning:AI^„toyManual(Sccond^M^^^ 
SpnngHartK>rP,«s.Plai„view.NX.andAusubel.FM.««/.(,^ 

Molecular Biology.JotaWiley&Sons.NewYorf,Ny.fordefinitio„s..cn„sof art and 
standa«lmeAodstaoMa.intheartofmolecularbiology.parti^^ 
protocolsdescribedhennn. » is «nde«.ood to this inv«tion is not lunitedtotte particular 

»«^»togy.protocols.and«agea.sdescnTH.l.as.hesenu^^ 

result 

'^^•«=°°'>'3^"«=leotide-aad'-nuch«cacid-'^ 
toapoljoneric^oleculehavingabaclcbonethatsupportsba^ 
tyP|aUpolyn«,leotides.whc«thepol3anerbackbonepresentstheba^ 
-*''y<^g-bondingina«=quencespedficfeshionbetween,hepolymericn.ol^^^ 
.yp.ca.po,ynucleotide(e.^..si„g,e-s.n.dedDNA,. Such bases arc typically inosine, adenosine, 
guanosme. cytodne. „n«il a«l thymidine. Polymeric niolepules include dou^^^ 
^edRNAaadDNA, and backbonenu>difications thereof ^ 


7T« term "vector" rcfen, to a polynucleotide having a m-cleotide sequence that can 
ablate new nucleic acids, am, propagate those ,ew sequences in an appropriate host 
Vectors mclude. but a.. «,t limited to n«,mbinant plasmids and viruses. Tl,e vector 

- P'-nudorrecombinantvirus)comprising.henucleicacid can be in a carried' 

for example, a plasmid complexed to pn.tein. a plasmid complexed with lipid^ased m^lei,! 
acid transduction systems, or other non-viral carrier systems. 
25 '^'<=™>'3ax=ptide« as used he.«n refer, ,0 a compound made up o^^ 

of^oacidresiduesBnlcedbypeptideboud. TT-e term -protein" may be synonymous with 
Ihcterm Polypeptide" or may refer to a complex of two or more polypeptides. 

^*^'«""™«"fi««"'*h«'«femng to a polypeptide offl.e invention, means a 

^lat.onalmodifications.orbychemicalmodificationtechniqueswhich 
^ar. Among tire numerous knownmodifications which may beprese^^ 
•-.ted u,. acetylation, acylation. amidation. ADP-ribosylation. glycosylation. GPI anchor 
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f<nmation.covalc„tatuchmen,ofalipidorlipidderivative..^^^^^^ 
pegylation. prenylation. phosphorylation, ubiqutinalion. or any simUar process. 
TTie term -^-secretase" is defined in Section ID, herein. 

TT.e tern. -^iologicdly active- used in conj^ction wi± the tern, p-secm^^ 

passess.onofaP-secn^seenzyn,eactivity.s«chastheabiIi.ytocleavep-»^^^^^^ . 
protem (APP) to produce p-amyloid peptide (Ap). 

The term "fragment", when rx^ferring to P-secr^tase. means a polypeptide ^vhich has 
an ammo acid sequence which is the same as part of but not all of oT.T T 

^.engthp„polypeptide.Intheco„LoftC 

such as ammo acrds 46-501 (SEQ ID NO: 43), 22-501 (SEQ ID NO- 66) 58 501 

forms endmg between about amino acids 450 and 452. The numbering system used 
15 *™UBhout.sbasedonthenumberingofthesequem.eSEQIDNO:2 

An "active fragment" is a P-secretase fiagment that retains at least one of the 
funct.ons or activities of p-sccrctase. including but no, limited to the p-secretase enzyme 
ach.^ discussed above and/or ability to bind to ti,em^^^^^^ 
^^«-''^«'^->V(SEQmNO:72).P.agn,e„.conten^,a.edi„c.ud^^ 

fiagn,en.whichretainsti»eabilitytocleavep.an.y,oidprecur«,rpro^^^ 

amyloid peptide. Sucha fi^gmcnt preferably includes at least 350. and n.orepn,ferably at 

least 400. contiguous amino acids or conservative substitutions thereof of p-secretase. 

^"''«''>«chxMorep..ferably.tireftagmen,incI^^^ 

25 SEQ ID NO: 2 and also denoted as "Activc-D-sites herein. 

A -conservative substitirtion" refe« to tire substitution of an amino acid in one class 

by anamino acid in the sameclass.whe,eaclass is defined by commonphysicochenucal 
ammoac.dsidcchainpn.peniesa„dhighs^^ 

30 B^Z'^'^ ' '"^"^ ^^yhoff frequency exchange matrix or 

BU)SUM maurx). Six general classes of anrino acid sidechains. categoric 
^ve^nclude: Class 1 (Cys); Class U (Ser. 11.. P,o. Ala. Gly); ^ 

G.U); Class ,V(«,Arg.Lys);aassV(ne.Leu.Val. Met); and Class VI(Phe.^T.^) 
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For example, substitution of an Asp for another class HI residue such as Asn, Gin. or Glu. is 
considered to be a conservative substitution. 

"Optimal aUgmnent" is defined as an alignment giving the highest peicent identity 
score. Such alignment can be performed using a variety of commercially available sequence 
analysis programs, such as the local aligmnent program LAUGN using a letup of 1. default 
parameters and the defeult PAM. A prefened aUgnment is the pairwise aligmnent using the 
CLUSTAL-W program in MacVector. operated with default parameters, including an open 
gap penalty of 10.0. an extended gap pemUty of 0.1. and a BLOSUM30 similarity matrix. 

"Percent sequence identity." with respect to two amino acid or polynucleotide 
sequences, refers to the percentage of residues that an: identical in the two sequences when 
the sequences are optimally aUgned. Thus. 8p% amino acid sequence identity means that 80% 
of the amino acids in two or more optimally aUgned polypeptide sequences are identical. If a 
gap needs to be inserted into a fint sequence to optimally aUgn it with a second sequence, the 
percent identity is calculated using only the residues that arc paired with a corresponding' 
amino acid residue (i.e.. the calculation does not consider residues in the second sequences 
that are in the "gap" of the first sequence. 

A first polypeptide region is said to "con-espond" to a second polypeptide region when 
the regions are essentially co-extensive when flie sequences containing the regions are aUgned 
using a sequence aligmnent program, as above. Corresponding polypeptide regions typically 
contain a similar, if not identical, number of residues. It will be understood, however, that 
corresponding regions may contain insertions or deletions of residues with respect to one 
anoflier, as well as some differences in their sequences. 

A first polynucleotide region is said to "correspond" to a second polynucleotide region 
when tire regions are essentially co-extensive when tiie sequences containing the legions are 
atignedusingasequence aligmnent program, as above. Corresponding polynucleotide regiom, 
typically contam a similar, if not identical, number of residues. It will be miderstood, 
however, tiiat conesponding regions may contain insertions or deletions of bases vnfh respect 
to one anotiier, as well as some diffowrces in their sequences. 

The term "sequence identity" means nucleic acid or amino acid sequence identity in 
30 two or more aUgned sequences, aligned as defined above. 

"Sequence simUarity" between two polypeptides is detemiined by comparing tire 
amino acid sequence and its conserved amino acid substitutes of one polypeptide to tire 
sequence of a second polypeptide. Thus. 80% protein sequence similarity means tiiat 80% of 
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25 
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the amino acid residues in two or more aligned protein sequences are conserved amino acid 
residues, Le. are conservative substitutions. 

-Hybridization" includes any process by which a strand of a nucleic acid joins with a 
complementary nucleic acid strand through base pairing. Thus, strictly speaking, the tem, 
5 refeis to the abUity. of the complement of the taiBet sequence to bind to the test sequence, or 
vice-versa, 

■•Hybridizationconditions"arebasedinpartonthemeltingtempenaure(Tm)ofthe 
nucleic acid binding complex or probe and are typically classified by degree of "stringency" 
of the conditions under which hybridization is measured. TT,e specific conditions that define 
10 vanous degrees of stringency (Le.. high, medium, low) depend on the nanire of the 

polynucleotide to which hybridization is desired, particularly its pereent GG content, and can 
be detcrmmed empirically according to methods known in the art. Functionally, maximum 
strmgency conditions may be used to identity nucleic acid sequences having strict identity or 
near-stnct identity with the hybridization probe; while high stringency conditions are used to 
1 5 Identify nucleic acid sequences having about 80% or more sequence identity with the prebe. 

The tem, "gene" as used herein means the segment of DNA involved in producing a 
polypeptide chain; it may include regions preceding and following the coding region e g 5' 
untranslated (5' UTR) or "leader" sequences and 3' UTO or "trailer" sequences, as well as 
mtervening sequences (introns) between individual coding segments (exons). 
20 The tem. "isolated" means that the material is removed ftom its original environment 

(cg...the natural enviromnent if it is nammlly occuning). For example, a naturally occmring 
polynucleotide or polypeptide present in a living animal is not isolated, but the same 
polynucleotide or polypeptide, separated fiom some or aU of the coexisting materials in the 
natural system, is isolated. Such isolated polynucleotides may be part of a Vector and/or such 
25 Polynucleotidesprpolypeptidesmaybepartofacomposition.suchasarecombinantly 

produced ceU (heterologous ceU) expressing the polypeptide, and still be isolated in that such 
vector or composition is not part of its natural environment. 

An -isolated polynucleoUde having a sequence which encodes p-secretase" is a 
polynucleotide that contains the coding sequence of P-secrctase. or an active fiagment 
thereof, (i) alone..(ii) in combination with additional coding sequences, such as fusion 
protein or signal peptide, in which the P-secretase coding sequence is the dominant coding 
sequence, (iii) in combination with non-coding sequences, such as introns and control 
elements, such as promoter and terminator elements or 5' and/or 3' untranslated regions. 
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effective for expression ofthe coding sequence inasuitable host, and/or 

host environment in which the M«etase coding sequence is a heterologous gene. 

Thetern«-T,eterologousDNA,"-1ieterologousRNA.""heten,Iogousnuddcad^^ 
-heterologous 6ene."and "heterologous polynucleotide" refer to nucleotides that are not 

5 "dogenoustothecellorpartofthegenonieinvvhichtheyarepresentjgenerallysuch 
nucleotides have been added to the cell, by transfection, microinjection, electroporation. or 
the like. Such nucleotides genenOly include at least one coding sequence, but this coding 
sequence need not be expressed. 

Theterm-heterologouspeU-referstoarecombinantlypnKlucedcellthatcontainsat 
10 least one heterologous DNA molecule. 

A •tex.mbinant protein- is a protem isolated, purified, or identified by virtue of 
expression in a heterologous cell, said ceH having been transduced or tiansfected, either 
transiently or stably, with a recombinant expression vector engineered to drive expression of 
the protein in the host cell. 

The term "expression" means that a protein is produced by a cell, usually as a result of 
transfection of the cell with a hetaologous nucleic acid. 

"Co^ression" is a process by which two or more proteins or RNA species of 
interest are expressed in a smgle cell. Co-expression of the two or more proteins is typically 
adueved by transfection of the cell with one or more recombinant expression vector^s) that 
cany coding sequences for the pmteins. In the context of the pr«ent invention, for example, 
a cell can be said to "co-express" two proteins, if one or both of the pmteins is heterologous 
totbecell. 


IS 
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Thetcmi "e^rcssionvector-referetovectorsthathavetheabihtytoincorporat^ 
express heterologous DNA fiagments in a foreign ceU. Many pn>ka,yotic and eakaryotic 
expression vectorsarecommerciallyavailable. Selection of appropriate expression vectors is 
withm the knowledge of those having skill in the art. 

TTie terms "purified" or "substantially purified" refer to molecules, either 
polynucleotides or polypeptides, that are removed fiom their natural enviromnent. isolated or 
separated, and are at least 90%.and more prefenrbly at least 95-99% fiee from other 
components with which they are naturally associated. The foregoing notwithstanding, such a 

descnptor does not preclude the presence in the same sampleofsplice- or otherprotein 
vanants (glycosylation variants) in the same, otherwise homogeneous, san^le 
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A protein cw polypeptide is generally considered to be **piirified to apparent 
homogeneity" if a sample containing it shows a single protein band on a silver-stained 
polyacrylamide electrophoretic gel. 

The torn I'ctystallized protein" means a protein that has co-precipitated out of 
solution in pure crystals consisting only of the crystal, but possibly including other 
components that are tightly bound to the protein. 

A "variant" polynucleotide sequence may encode a "variant" amino acid sequence that 
is altered by one or more amino acids torn the reference polypeptide sequence. Hie variant 
polynucleotide sequence may aicode a variant amino acid sequence, which contains 
"conservative" substitutions, wherein the substituted amino acid has structural or chemical 
properties similar to the amino acid which it replaces. In addition, of alternatively, the variant 
polynucleotide sequence may encode a variant amino acid sequence, which contains "non- 
conservative" substitutions, wherein the substituted amino acid has dissimilar structural or 
chemical properties to the amino acid which it replaces. Variant polynucleotides may also 
encode variant amino acid sequences, which contain amino acid insertions or deletions, or 
both. Furthermore, a variant polynucleotide may encode the same polypeptide as the 
referraice polynucleotide sequence but, due to the degeneracy of the genetic code, has a 
polynucleotide sequence that is altered by one or more bases fiom the reference 
polynucleotide sequence. 

An "allelic variant" is an alternate form of a polynucleotide sequence, which may 
have a substitution, deletion or addition of one or more nucleotides that does not substantially 
ahCT the function of the oicoded polypeptide. 

"Alternative splicing" is a process whereby multiple polypeptide isoforms are 
generated from a single gene, and involves tiie spHcing together of nonconsecutive exons 
during the processmg of some, but not all. transcripts of tiie gene. Thus, a particular exon 
may be connected to any one of several alternative exons to form messenger RNAs. The 
alternatively-spliced mRNAs produce polypeptides ("splice variants") in which some parts 
are common while other parts are different 

"Splice variants" of p-secrctase, when refenred to in the context of an mRNA 
transcript, are mRNAs produced by alteniative splicing of coding regions, i.e., exons, from 
the P-secretase gene. 
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-SpUce variants- of P-secretase. when refened to in the context of the protein itself, 
aie P-secietase Hanslation products that are encoded by altenatively-spUced P-secretase 
mRNA transcripts. 

A "mutant- amino acid or polynucleotide sequence is a variant amino acid sequence. 
5 or a variant polynucleotide sequence, which emxKles a variant amino acid sequence that has 
significantly a]ten=d biological activity or fimction fiom that of the miturally occurring 
protein. 

A "««b^«ution-resultsfiomthe«placementofoneormorenucleotidesoramino 
acids by different nucleotides or amino acids, respectively. 

10 The term "modulate" as used herein ,efen> to the change in activity of the polypeptide 

of the mvention. Modulation may relate to an increase or a decrease in biological activity 
bmdmg characteristics, or any otiier biological, functional, or immu™,logical property of the 

molecule. 

The tenns "antagonist" and "inhibitor" aro used inten^hangeably heroin and refer to a 
15 ™oleculewhich.whenboundtothepolypeptideoffl.eprosentmvention.mod«latesthe 
activity of enzyme by blocking, decreasmg. or shortening the durationofthe biological 
activity. Anantagonistasusedhereinmayalsoberefemidtoasa-p-secretaseinhibitor-or 
"P-secretaseblocker." Antagonists may UK»nsclves be polypeptides, nucleic adds, 
carbohydmtes. lipids, small molecules (usually less tim 1000 kD). or derivatives thereof, or. 
20 any other Ugand which binds to and modulates the activity of tiie enzyme. 
P-Secretase Compositions 

An isolated, active human P-secretase enzyme, which is farther chaiacteiized as an 
aspartyl (aspartic) protease or proteinase may be p.x,vided. optionally, in purified form. As 
defined more fully in the sections that follow. p-sec,«ase exhibits a proteolytic activity that is 

25 involved in the geneiBtion of P-amyloid peptide fiom P-amyioid precursor p,x)tei„ (APP) 
such as is described in U. S. Patent 5.744.346. incorpotated hetein by rcfeience 
Alternatively, or in addiUon. the P-secetase is chancterized by its ability to bind with 
moderately high affinity, to an inhibitorsubstrate described herein as P10-P4'staI>-.V(SEQ 
n> NO.: 72). A human fonn of P-secretase has been isolated, and its natutally occurring form 

30 has been characterized, purified and sequenced. 


Nucleotide sequences encoding the enzyme have been identified. In addition, the 
enzyme has been further modified for expression in altensd foims, such as truncated forms, 
which have similar protease activity to the naturally occurring or full length recombinant 
enzyme. Using the information provided herein, practitioners can isolate DNA encoding 
various active forms of the protein from available sources and can express the protein 
recombinantly in a convenient expression system. Alternatively and in addition, practitioners 
can purify the enzyme from natural or recombinant sources and use it in purified form to 
further characterize its structure and function. Polynucleotides and proteins of the invention 
are particulariy useful in a variety of screening assay formats, including cell-based screening 
for drugs that inhibit the enzyme. Examples of uses of such assays, as well as additional 
utilities for the compositions are provided in Section IV, below. 

P-secretase is of particular interest due to its activity and involvement in generating 
fibril peptide components that are the major components of amyloid plaques in the centi^ 
nervous system (CNS), such as arc seen in Alzheimer's disease. Down's syndrome and other 
CNS disorders. Accordingly, an isolated fonn of the enzyme can be used, for example, to 
screen for inhibitory substances which are candidates for therapeutics for such disorders. 
A. Isolation of Polynucleotides encoding Human p-secretase 
Polynucleotides encoding human p-secretase were obtained by PCR cloning and 
hybridization techniques as detailed in Examples 1-3 and described below. HG. lA shows 
the sequence of a polynucleotide (SEQ ID NO: I) which encodes a form of human (p- 
secrctase (SEQ ID NO: 2 [1-501]. Polynucleotides encoding human p-secretase arc 
con venientiy isolated ftom any of a number of human tissues, preferably tissues of neuronal 
origin, including but not limited to neuronal cell lines such as the commercially available 
human neuroblastoma cell line IMR-32 available from the American Type Culture Collection 
(Manassas, VA; ATTC COL 127) and human fetal brain, such as a human fetal brain cDNA 
library available from OriGene Technologies, Inc. (Rockville, MD). 

Briefly, human p-secretase coding regions were isolated by methods well known in 
the art, using hybridization probes derived from the coding sequence provided as SEQ ID 
NO: 1. Such probes can be designed and made by methods well known in the art. 
Exemplary probes, including degenerate probes, are described in Example 1. Alternatively, a 
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cDNA libraiy is screened by PCR. using, for example, theprimeis and conditions described 
in Example 2 herein. Such methods are discussed m more detail in Part B, below. 

cDNA Kbraries were also screened using a 3'-RACE (Rapid Amplification of cDNA 
Ends) protocol according to methods weU known in the art (White, B A., ed.. PCR Qoning 
Protocols: Humana Press. Totowa. NJ. 1997; shown schematically in FIG. 9). Here piimeis 
derived fiom the 5' portion of SEQ ID NO: 1 are added to partial cDNA substrate clone 
found by screening a fetal brain cDNA Ubrary as described above. A representative 3'RACE 
reaction used in detennining the longer sequence is detailed in Example 3 and is described in 
more detail in Part B. below. 

Human p-secretase, as weU as additional members of the neuronal aspartyl protease 
family described herein may be identified by tiie use of random degenerate primers dedgned 
in accordance with any portion of the polypeptide sequence shown as SEQ ID NO: 2. For 
example, in experiments carried out in support of the present invention, and deuriled in 
Example 1 herein, eight degenerate primer pools, each 8-fold degenerate, were designed 
based on a unique 22 amino acid peptide region selected fiom SEQ ID: 2. Such techniques 
can be used to identify finther similar sequences fiom other species and/or represetiting other 
members of this protease family. ' 

Preparation of polynnrlftp^iHt^ 

The polynucleotides described herein may be obtained by screening cDNA libraries 
using oligonucleotide probes, which can hybridize to and'or PCR-amplify polynucleotides 
that encode human p-secretase. as disclosed above. cDNA libraries prepared fixnn a variety 
of tissues are commadally available, and procedures for saeemng and isolating cDNA 
clones are well known to those of skill in tiie art. Genomic libraries can likewise be screened 
to obtain genomic sequences including regulatojy regions and introns. Such techniques are 
described in. for example, Sambrook et al. (1 989) Molecular Cloning: A Laboratoiy Manual 
(2nd Edition), Cold Spring Harbor Press, Plainview, N.Y. and Ausubel, metal. (1 998) 
Current Protocols in Molecular Biology, John Wiley & Sons, New Yoric, N.Y. 

The polynucleotides may be extended to obtam upstream and downstream sequences 
such as promoters, regulatory elements, and 5' and 3' untranslated regions (UTRs). Extension 
of the available transcript sequence may be perfomied by numerous methods known to those 
of skiU in the ait. such as PCR or primer extension (Sambrook et al., supra), or by the RACE 
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method using, for example, the MARATHON RACE Idt (Cat # Kl 802-1; Clontech, Palo 
Alto, CA). 

Alternatively, the technique of "restriction-site" PCR (Gobinda ei aL (1993) PGR 
Methods Applic. 2:318-22). which uses universal primere to retrieve flanking sequence 
adjacent a known locus, may be employed to generate additional coding regions. First, 
genomic DNA is amplified in the presence of primer to a linker sequence and a primer 
specific to the known region. The amplified sequences are subjected to a second round of 
PCR with die same linker primer and another specific primer internal to the first one. 
Products of each round of PCR are transcribed with an appropriate RNA polymerase and 
sequenced using reverse transcriptase. 

Inverse PCR can be used to ampMiy or extend sequences using divergent primers 
based on a known region (Triglia T e( aL (1 988) Nucleic Acids Res 16:81 86). The primers 
may be designed using OUGO(R) 4.06 Primer Analysis Software (1992; National 
Biosciences Inc, Plymouth, Minn.), or another appropriate program, to be 22-30 nucleotides 
in length, to have a GC content of 50% or more, and to anneal to the target sequence at 
temperatures about 68-72^C. The method uses several restriction enzymes to generate a 
suitable firagment in the known region of a gene. The fragment is then circularized by 
mtramolecular ligation and used as a PCR template. 

Capture PCR (Lagerstrom M et al (1991) PCR Methods Applic 1:11 M9) is a 
method for PCR amplification of DNA fragments adjacent to a known sequence in human 
and yeast artificial chromosome DNA. Capture PCR also requires multiple restriction 
enzyme digestions and ligations to place an engineered double-stranded sequence into a 
flanking part of the DNA molecule before PCR, 

Another method which may be used to retrieve flankmg sequences is that of Parker, 
JD et al (1991 ; Nucleic Acids Res 19:3055-60). Additionally, one can use PCR, nested 
primers and PromoterFinder(TM) libraries to "walk in" genomic DNA (Clontech. Palo Alto, 
CA). This process avoids the need to screen libraries and is useful in finding intron/exon 
junctions. Preferred libraries for screening for fiill length cDNAs are ones that have been 
size-selected to include larger cDNAs, Also, random primed libraries are preferred in that 
they will contain more sequences which contain the 5' and upstream regions of genes. A 
randomly primed library may be particularly useful if an oHgo d(T) Kbrary does not yield a 
fiill-Iength cDNA, Genomic libraries are usefiil for extension into the 5* nontranslated 
regulatoiy region. 
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ThepolynucleotidesandoUgonucleotidesI -Hcanalsobcpn^aredby 

sobd-phasemcAods.accordingtoknown synthetic meUKKk^ 

about 100 bases are individually synthesized, then joined to fonn continuous sequences up to 
several hundred bases. 

B. Isolation of p-Secretase 

■^''^"^"•^'I'^q^^ceforaM.lengthhunumP-secn^etransla^^^ 

shownasSEQIDNO:2innG.2A. (- 

Thissequ«^repr^^,.^„p„..,„^^,^^^^^^^^^^^^ 

»equ«cemforn.atio«describedbthe previous section in conjun^^^^^ 
descnbed below. Comparison of this sequence with sequences determined fiom the 
b.otogicaUy active form of the enzyme purified fiom natural sources^ 
below, indicate that it is likely that an active and predominant form of the enzyme is 
TOed by sequence shown in FIG. 2B (SEQ ID NO: 43). in which the fin.t 45 amino 
a^dsoftheopen-rcadingframededuoedsequencehavebecnremovcd. Tins suggests that 
the enzymemay be post-translationally modified by pmteolytic activity, which may be 
autocatalyhc in nature. Further analysis, illustnued by ti.e schematics shown in FIG 5 
h<^ indicates that the enzyme contains i hydrophobic^ ^ 

(^termmus. As described below, a fiuther discovery of the present invention is that the 

"^«««betmncatedpriortothis.xansmemb.aneregionandstiUn^tamP-secr^^ 

20 activity. 

1. P^rificationofp-secretasefiomNaturalandRecombinantSources 

» 

. ' 1 p-secretasehasnowbeen 

Punfied from natural and recombinant sonnies. U.S. Patent 5.744.346. incorporated hccin by 
-fei^ace. describes isolation ofp-sec-^taseinasinglepeakhavm^ 
we,ghtof260-300.000(DaItons)bygelexclusionchromatography. , 
,-- - ( '^^'"liveenzymecanbepurifiedtoappam.thomogeneitybyaffinity 
colunmchmmatography. T^-e methods revealed he^ have been u^ on pr^^ons fiom 
bn^e.weOas<»preparati^^ ^ 

methodsarebehevedtobegenendlyapplicableoveravarietyoftissuesourc^^ Tie 

-iu...modrficat.ontoaccommodateaparticulartissuesourceandwilladapts^^ 
Pn^edurcsacconlingtomethodsknownintheart. Methods for purifying p-secretase fiom 
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yior p swreiaa aclivity, such as - 

■»«tod >he,ef<„ p,„,i^ ^ 7 MBP-C26«. (45 ld,<K.al,o„.,. 

'~ « ,e., 5 ,„ ,00,,,, ,,^„ ^Xh^'""*' 


Table 1 

Preparation of P-secrctase from Wn^o^ q^i^ 


Total 


Activity* 
nM/h 


Specific Activity^ 
nM/h/ug prol. 


% Yield 


Purification 


Brain Extract 
WGABuate 


19311,150 


2M89,600 


11,175,000 


Anion Exchange Pool 


3,267.685 
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|Ac»tvity in MBP-C125sw assay 

^Specific Activity = (Product conn nM ypilaHnn f.Cn.) 

(Enzyme sol. vol)(Incub. time h)(En2ymc cone, ng/vol) 


Example 5 also de.scribes purification schemes used for purifying recombinant materials 
from heterologous cells transfec.ed with the p-sccretase coding sequence. Results from these 
punficattons are illustrated in FIGS. 7 and 8. Further experiments carried out in support of 
the present mvention. showed that the recombinant matenal has an apparent molecular weight 
>n .he range from 260.000 to 300.000 Dal.ons when measured by gel exclusion 
chromatography. FIG. 4 shows an activity profile of this preparation run on a gel exclusion 
chromatography column, such as a Superdex 200 (26/60) column, according to the methods 
dcscnbed in U.S. Patent 5.744.346. incorporated herein by reference. 
1- Sequencing of p-secretase Protein 

A schematic overview summarising methods and results for detem,ining the cDNA 
sequence encoding the N-lenninal peptide sequence determined fh.m purified p-secretase is 
shown m FIG. 9. N-terminal sequencing of purified P-secretase protein isolated from natural 
sources yielded a 21-residue peptide sequence. SEQ ID NO. 77. as described above. TTus 
pept.de sequence, and its reverse translated fully deg,i,erate nucleotide sequence. SEQ ID 
NO. 76. ,s shown in the top portion of FIG. 4. Two partially degenerate primer sets used for 
^ RT-PCR amplification of a cDNA fragment encoding this peptide are also summarized in 
• HG. 4. Primer set 1 consisted of DNA nucleotide primers #3427-3434 (SEQ ID NOS: 22-29). 
. shown in Table 3 (Example 3). Matrix RT-PCR using combinations of primers from this set with 
cDNA rever«^ tr^iscribed from primary human neuix,nal cultures as template yielded the predicted 
54 bpcDNA product with primers #3428-3433 (SEQ ID NOS: 23-28). also described in Table 3. 

In fiirther experiments carried out in support of the present invention, it was found 
that ohgonucleotides from primer sets 1 and 2 could also be used to amplify cDNA fragments 
of thepredicted size from mouse brain mRNA. DNA sequence demonstrated that such 
pnmers could also be used to clone the murine homolog(s) and other species homologs of 


PlinieB«3459 and «3476 a<ibl. 5, SEQ ID NOS- 38 * ^1, 

23A. was deterniined Six of A. f , """^ ^^^gna^d 

K per reading frame downstream. Furthcnnore thk niMA 
of additional primes for extending the sequence f^T "^''"^ 


also revealed the presence of a 2 kh . oI.go-„ucIeo.ide probe 3460 

K ^'="«ola2kbtranscnptinlhcscccIls 

«« reiai Ussue. The organs surveyed include heart hroi„ i- 

panc„^.placentajung..usc,e.u.en«,b,adder ^dney spir. 

intesU„e.,n addition. certaineissues.e.g.panc^tr«^ 
bladder, kidney soleen anrf . ' 

-6.5kbwhi^Cd"lTT^^°""'---^^^^ 

r„ f oligonucleotide pn,be #3460 (SEQ ID NO- 39) 

InfuitherexperimentscarTiedoutinsupportof,h. 
Wot results were obtained with m- . N^'**"' 

^'^^'Wleotide probe #3460 (SEQ ID NO- 39^ hv 
employing a riboprobe derived ftomSEO ID NO- I NO. 39) by 

IOI4.IT.sc,oneprovidesan860bprprir^°^^^^^^^ 


with this riboprobc revealed the presence of the 2 kb tnuiscript previously detected with 
oligonucleotide #3460, as well as a novel, higher MW tnmscript of ~5 kb. Hybridization 
of RNA from adult and fetal human Ussues with this 860 nt riboprobe also confinned the 
result obtained with the oligonucleotide probe #3460 (SEQ ID NO: 39). The mRNA 
encoding p-secretase is expressed in all Ussues examined, prcdominanUy as an r-S kb 
transcript In adult, its expression appeared lowest in brain, placenta, and lung, 
intermediate in uterus, and bladder, and highest in heart, liver, pancreas, muscle, kidney, 
spleen, and lung. In fetal tissue, the message is expressed unifoiroly in all tissues 
examined. 
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Table 2 Tissue distribution of human and murine P-secretase transcripts 


Tissue/Organ 


Found (Kb): 
Human 


Mouso 


Heart 
Brain 
Uver 
Pancreas 
Placenta 
Limg 
Muscte 
Uterus 
Bladder 
Ktdney 
Spleen 
Testis 
Stomach 
Sm. Intestine 


2» 

2, 3. 4, and? 
2. 3. 4, and? 
2, 3.4. and? 
2»,4and?*» 
2'. 4 and 7* 
2- and?* 
2«.4. and? 
2*. 3. 4. and? 
2". 3. 4, and ? 
2", 3,4. and? 
nd 
nd 
nd 


3,5,3^. 6& 7 
3.5.3^,5&7 
3.5. 3.8. 5& 7 

nd- 

nd 

3.5. 3.8.5&7 
3.5. 3.8. 5& 7 

nd 

nd 

3.5, 3,8, 5 &7 
nd 

4.5Kb. 2Kb 
$• 

3.5. 3.8. 5& 7 


Oonteeh Human 
Bfain region 
Tissue/Organ 

Cerebelium 
Cerebral Cx 
Medulla 
Spinal Cord 
Occipital Pole 
Frorital Lobe 
Amygdala 
Caudate N. 
Corpus CaHosum 
Hippocampus 

Substantia Nigra 
Thalamus 


Human 


2Kb. 4Kb. 6Kb 
2Kb. 4Kb. 6Kb 
2Kb. 4Kb, 6Kb 
2Kb. 4Kb. 6Kb 
2Kb. 4Kb. 6Kb 
2Kb. 4Kb. 6Kb 
2Kb. 4Kb. 6Kb 
2Kb. 4Kb. 6Kb 
2Kb. 4Kb. 6Kb 
2Kb. 4Kb. 6Kb 

2Kb. 4Kb. 6Kb 
2Kb. 4Kb. 6Kb 


f Brain' 

2», 3. 4. and 7 

nd 

fUver 

2». 3. 4. and? 

nd 

f lojng 

2*. 3. 4, and 7 

nd 

f Muscle 

2'. 3. 4. and 7 

nd 

f Heart 

2*. 3. 4. and? 

nd 

fKidney 

2-. 3.4. and? 

nd 

fSktn 

2». 3, 4. and 7 

nd 

f Sm. Intestine 

2*. 3. 4. and 7 

nd 

Cell Une 

Human 

Mouse 

IMR32 

2»,5&7 


U937 

2» 


THP1 

2» 


Jurfcat 

2» 


HL60 

none 


A293 

5&7 


KALM6 

5&? 


A549 

5&7 


Hela 

2, 4.5.&7 


PC12 


2&5 

J774 


5Kb, 2Kb 

P38eDl CC146 


SKb(very 

P19 


mel2Kb 


5Kb, 2Kb 

RBL 


5Kb, 2Kb 

EL4 


5Kb, 2Kb 


•by oligo 3460 probe only 
^Taint 


•f= fetal 

*\id=not detennined 
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5. Active Fonns of P-secretase 
a. N-tominus 

Tl.efull-lengthopenn.ding fc„ne(ORF,of human P-secr«ase is described above, 
andmsa^enceisshowninnc. 2A as SEQmNO: 2. However. asn,e„tioned^^^^^^ 
„ predominant form of the active 

2 F„,«. '°""°'*''"*^^*''^^^"<>-"<'46.withrespecttoSEQIDNO- 

IGFA VSACHVHDEFR (SEQ H) NO: 56). which is amino .enninal .o the putaUve 
^embn«edonudn,asdefinedbytheORF. I1,ese peptides were used u> va.ida.eand 

»"'^<'"-'^studiescarriedoutinsupportofthepresentinvenU^^ 
2"--« Of p-sccn^e isolated from additional cell types revealed that the N-te^inus 
may be ammo ac d numbere 46 22 <r «r /:i , -.i. 

FIG2Ade„«,.- ' * •^^'"""^"^"^"^''"••"'ORF^eq^encoshownin 

^.enmnusammoacid46predomiriatingin.hetissuestested. mu is. in experiment 
camedoutmsupportofthepresent invention, the full-length ^secr^^ 
-^SBQXDHO:2)was.ransf.t..into293TcellsandCOSA2cells.^^^ 
^cscribedinB^p., P-s«.tase was isolated ee«s by pr^ari^ 

^^P-cu^el^Honf^^eceHpeUe^asdescribe^ 

30 ;tr7'''^--'^«0../.TritonX-100. I.e Triton extract was diluJwitb pH 
5^bu^andpassedthroughaSPSepha:^eco,umn.«^^^^ 

a^u^ng the pH to 4.5. ^^.^ ^^^^^^^ 

4s.aD^VSepharose.asdescribedinExamp.es5and7: Fn^tions were analyzed for N- 
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te™inalsequcnce,accordi„gtostandanlmefl.odsknowninu^^ Results axe suannarized 
in Table 3, below. 

Hie prinuuy N-terminal sequence of the 293T eel derived ptotem was the same as 
that obtained IbmlnBin. in addid<m.nunoramoun.sofp™,cinstaxtbgj^ 
«quence(atTl.-22) and at the start oftheaspartylp^teasehomology domain ^^^^^ 

»»koobsen.ed. An additional majorfonnfo^d in Cos A2eellsn=^^^ 
cleavage. 

M. • .o Tables 

N-tenninal Sequences and Amounts of p-seoetase Fom« in Various CeU Types 


Source 
Human brain 

Est. Amount 
(pmoles) 
1-2 

N-terminus 
(RefrSEOIDNO: 2) 

Sequence 

Recombinant, 293T 

-35 

~7 . . 
~5 

46 
46 
22 
63 

ETDEEPEEPUR...(SEOIDNO: 99^ 

tflUlJEPhHPOR...(SEQIDNO- 99) 
TQHGIRL(P)LR. ..(SEQ ID NO: 100) 
MVDNLRGKS... (SEQ ID NO: 101) 

Recombinant, CosA2 

-4 
-3 

46 
58 

HI UEEPHliPGK. . .(SEQ ID NO- 99) "" 
GSFVEMVDNL...(SEQIDNO: 102) 


15 


20 


25 


b. C-tenniniis 

^"**^«*™ntscamedoutinsupportofthepresentinvert^^^ 
C-tennmus of the full-length amino.acid ^ucnce presented as SEQ ID NO: 2 can also be 
Uu„cated.whaestiU.e.ainingp^^ Mo. specifically, as 

d^bedinmo.detailinPartDbe,ow,C.tennina,.nu.ca^ 

Justbefo,ethepu.ative.nu^embnme,egion..e.atoraboutlOamino«.idsC.em^ 
ammo acid 452 with ,esp«. to SEQ lb NO: 2. exhibit p-see^^ 

»ab.htytocleaveAPPattheappmpriatecleavagesi.eand/orabiBtyU,bindSEQIDNO. 

Thus.„si„g,he«ferenceaminoacidpositionsp,«vldedbySEQIDNO:2.onefona 
of P-secmase extends fo,m position 46 to position 501 (p-sec.^ 

4 .Mother fonn extends fi.mpositio„46 to any position indudinga^ 

1?!"^''"^'''* f<-beingp-secmase4M52(SEQIDNO- 

58. Mon^genendly, another fom. extends fiom position 1 to any position 

»cl«d.ngandbeyondposition452,but„oti„c.udingposition501. Other active fonns of the 

^-etaseproteinbe^in at amino acid22.58.or63andn.ay extend to».^ 

and beyond U.ccystei„catposiuon420.a„dmorep.fe«bly.inc,udingand beyond positi^ 


It 
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452.virilestilireuuni.,ge„^aticactivityae..p-^ 

A« described i„ Part D. below, those fonns which are .nu,cated a. J 
C-tennmal position at or befo«aboutposition452. or even sevenUanu^^ 

^P^y'-fiJincrystallizations.udies.sincetheylackaUorasignifi^^ 

thetnuu»nen.b™eregion.whichnuyin.erfe..withp„,teinc^,allizati^^^ The recombinant 

protean extending fh,m position 1 to 452 has been affimty purified using the pro^ 
descnbed herdn. 

C Ciystallizationofp-sccretasc 

This section describes methods and utilities of compositions comprising purified B- 
sectetase in crystallized fonn. in the absence or pn^nce of binding substrates, such as 
pcpude, modified peptide, or small molecule inhibitons. 

I. Crystallization of the Protein 

P-secr^ase purified as described above can be used as starting material to detennine a 
cry^^llographic structure and coonlinates for the enzyn,e. Such structural detenninations are 

particulariy useful in defining theconfonnationandsizeofthe substrate binding site ™^ 
mfonnationcanbeused in the designandmodefing of substrate inhibitors ofthe^^^ 
drscussedherein. such inhibiton. are candidate molecules for therapeutics for treatinent of 
Abheuner-s disease and other amyloid diseases characterized by Ap peptide amyloid 

deposits, 

Thecrystallographiestmctureofp-sccretaseisdetemrinedbyfir^c,^^ 
purrfied protein. Methods for erystallizingproteins. and particularlypmteases.^^ 
knowr„„^ 3rt. TI'epn^titionerisroferr^ItoEdlJSiBMZ^^ 
(J. Drenth. Spnnger Verlag. NY. 1999) for general principles of cystallography 
Addmonally. kits for generating protein crystals ar. generally available fiom commeroial 
pmvrden,. such as Hampton Research (Laguna Niguel. CA). Additional guidance can be 

obtamedfiomnumcrous^searoh articles that have been written in the an«. of cry^^^ 
of protease inhibitor., especially with rospect to HI V-I and HIV-2 proteases, which are 
aspartic acid proteases. 

Although any of the various fomis of p-secrotase described heroin can be used for 
^ystalhzation studies, particularly preferred forms lack the fin. 45 amino acids of the fol, 
length sequence shown as SEQ ID NO: 2. since this appear, to be the prodominantfom. 


2'^ 


which occurs naturally in human brain It is thouph. .k . 

J /- . that some form of post-lransHi;«„^i 

^^^^^^^^ 

terminus, and fbnarifc fh^ » * ^^umni^iN 

of .he «.ymc «a„ 6. »=d ,h« d,b„ („ p.,„„,^ ^ * 

15 is at lea<!t i/inr* .k u- . stau->v, with a bmdmg affinity thai 

at least 1/100 the b.ndmg affinity of P-sccretase I46-50U(SEQ ,D NO. 43) to PIO- 
P4-staD.>V (SEQ ID NO: 72). IT^erefo,.. a number of additional truncated for™, of 

the enzyme can be used in these studies. Suitability of any particular fo™ can be 
assessed by contacting it with the P10-P4-staD->V affinity matrix described above 
Truncated forms of the enzyme that bind to the matrix are suitable for such further 
analysis. Thus, in addition to 46^52. discussed above, experiments in support of the 
present mvention have revealed that a tnmcated form ending in residue 419 most 
likely 46^,9 (SEQ ID NO: 71). also binds to the affinity matrix and is therlfor. an 
alternate candidate protein composition for X-my crystallogmphic analysis of P- 
secr^tase. More generally, any form of the enzyme that ends before the transmembrane 
.5 domam. particularly those ending between about residue 419 and 452 are suitable in 
this regard. 

At the N-tenninus. as described above, generally the first 45 amino acids will 
be removed during cellular processing. Other suitable naturally occurring or expressed 
fonns mclude. for example, one commencing at tesidue 58 and one commencing at 
i-.due63. However, analysis of the entire enzyme, starting at residue 1. can also 
prov.de mformation about the enzyme. Other forms, such as 1-420 (SEQ ID NO 60) to 
1-452 (SEQ ID NO: 59). including intem^ediate forms, for example 1-440 can be 
useful in this regard. In general, it will also be useful to obtain structure on any 
subdomain of the active enzyme. 
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Methods for purifying the protein, including active fonns, are described above. In 
addition, since the protein is apparently glycosylated in its naturaUy occuiring (and 
mammalian-expressed recombinant) forms, it may be desirable to express the protein and 
purify it fiom bacterial sources, which do not glycosylate mammalian proteins, or express it 
in sources, such as insect ceUs, that provide unifom glycosylation patterns, in order to obtain 
a homogeneous composition. Appropriate vectors and codon optimization procedures for 
accomplishing this are known in the art. 

Following expression and purification, the protein is adjusted to a concentration of 
about 1 -20 mg/mL In accordance with methods that have woriced for other crystallized 
proteins, the buffer and salt concentrations present in the initial protein solution are reduced 
to as low a level as possible. TTiis can be accompUsbed by dialyzing the sample against the 
starting buffer, using microdialysis techniques known in the art. Buffers and crystallization 
conditions will vary from protein to protein, and possibly from fragment to fragment of the 
active p-secretase molecule, but can be determined empirically using, for example, matrix 
methods for detennining optimal crystallization conditions. (Drentz, J.. s$g>ra; Ducraix, A., 
el al, eds. Crystallization of Nucleic Acids andPrvteins: A Practical Approach, Oxford 
University Press, New York, 1992.) 

Following dialysis, conditions are optimized for ciystallization of the protein. 
Generally, methods for optimization may include making a "grid" of 1 ^l drops of the protein 
solution, mixed with 1 ^1 well solution, which is a buffer of varying pH and ionic strength. 
These drops are placed in individual sealed wells, typically in a "hanging drop" 
configuration, for example in commercially avaihible containers (Hampton Research, Laguna 
Jfiguel. CA). Precipitation/ciystallization typicalfy occurs between 2 days and 2 weeks. 
Wells are checked for evidence of precipitation or crystallization, and conditions are 
optimized to forni crystals. Optimized crystals are not judged by size or morphology, but 
rather by tiie diffraction quality of crystals, which should provide better tiian 3 A resohition. 
Typical precipitating agents include ammomum sulfate (NH.SO,), pofyethylene gfycol (PEG) 
and mefliyl pentane diol (MPD). All chemicals used should be the highest grade possible 
(c.g., ACS) and may also be re-purified by standard methods known in the art, prior to use. 

Exemplary buffers and precipitants forming an empirical grid for determining 
crystallization conditions are commereially available. For example, the "Qystal Screen" kit 
(Hampton Research) provides a sparse matrix method of trial conditions that is biased and 
selected fiom known crystallization conditions for macromolecules. This provides a "grid" 
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a^^ed to an equal volume Of dialyzed protein sol^^^^^ 

^ -^^two^^ Chemicalscanbe 

ob^ed fh>m common commerce 

^Ub efor crystallization studies, such as^ 

NiguelCA). Commonbuffer.inciudeCitrHte,TEA.CHES,Acetate.A^^ 
prnv^dearangeofpH optima), typicaIlyataconccntn.U^^ Typical 
precipitantsincIudeCNHJ^SO. MgSO, NaCI.MPD. Ethanol, polyethylene glycol of 
10 vanous sizes. isopropanoLKCl; and the like (Ducruix). 

7^^"^^<«*ivescanbeusedtoaidmimpn>vingthe 
mclud^ngsubstrateanalogsjigands^orinhibitor.^ 
certain additives, including, but not limited to: 
5%Je£ramine 
15 5 % Polypnopyiencglycol P400 
5 % Polycthylaieglycol 400 
5 % ethyleneglyco] 

5 % 2-methyI-2.4-pentanedioI 

5 % Glycerol 
20 5%Dioxane 

5 % dimethyl sulfoxide 

5 % nOctanol 

100mM(NH4)2SO4 

lOOmMCsQ 
25 100mMCoSO4 

100mMMnC12 

lOOmMKCI 

100mM2iiSO4 

100mMLiC12 
30 lOOmMMgCia 

100 mM Glucose 

luu mM 6-ammo caproic acid 
100 mM 1,6 hexane diamine 
35 100 mM 1,8 diamino octane 
100 mM Spermidine 
100 mM Spermine 

017 nM n-dodecyl,B-D.maltoside MP 40 
20 mM n-octyKE-D-giucopyranoside 

I- 

f The full-length P-secretase 

31- 


40 


ofade.«g^t(Tn.onX-.00). Membrane.pro.eins can be crystallized in.ac, bu, .ay require 
spcc.al.zed conditions, such as the addition of a non-ionic detergent, such as C.G (S-alkyMJ- 
8lucos.de) or an r,-aIkyl-maUoside (CJVl). Selection of such a detergent is somewhat 
e-P-al but certain detergents are con^only employed. A number of membrane proteins 
. have been successfully "salted out" by addition of high salt concentrations to the mixture 
PEG has also been used successfully to precipitate a number of membrane proteins (Ducruix 
etai, supra). Alternatively, as discussed above, a C-tem^inal truncated fom, of the protein ' 
that b.nds inhibitor but which lacks the transmembrane domain, such as P-secretase 
46-452 (SEQ ID NO: 58). is crystallized. 

Afler cnrstallization conditions aredetennined. ciystallization of a lai^er amount of 
the protein can be achieved by methods known in the art, such as vapor diffusion or 
equibbnum dialysis. 1„ vapor diffusion, a drop of protein solution is equilibrated against a 

largerreservoirofsolutioncontainingprecipitantoranotherdehydratingagentAflers^^^^^ 
.he soh..i6n equilibra.es .o achieve supersa.ura.ing conce„.„tions of pn,.eins and thereby ' 
.nduce crystallization in Uie drop. 

Equilibrium dialysis can be used for crystallization of proteins a. low ionic s.rength 
Under,heseconditions.aphenomenonknownas "sal.ing in" occur., whereby .he protein 
molecules achieve balance of elec.ros.a.ic charges .hrough interaCions with other protein 
molecules. This me.hod is panicularly effective when .hesolubili.y of the protein is low a. 
the lower .on,c s.reng.h. Various apparahrses and methods are used, including 
mrcrodrffusion cells in which a dialysis membrane is a..ached to Ure bo..om of a capillary 
tube, whrch may be ben. a. its lower portion. The final crystallization condition is achieved 
by slowly changing the composition of Ae outer solution. A varia.ion of these methods 
utUrzes a concentration gradient equilibrium dialysis se, up. Microdiffusion cells are 
avarlable from commercial suppliers such as Hampton Research (Laguna Niguel. GA) 

Once crystallization is achieved, crystals characterized for purity (e.g.. SDS-PAGE) 
and brological activity. Lar^ger crystals (>0.2 mm) are preferred to increase the resoh.tion of 
the X-ray diffraction, which is preferably on fte order of 10-1.5 .Angstroms. The selected 
co^tals are subjected to X-ray diffraction, using a strong, monochromatic X-ny source, such 
as a Synchro.ron source or rotating anode generator, and the resulting X-ray diffiaction 
patterns arc analyzed, using methods known in the art. 

In one application. B-secre.ase amino acid sequence and/or X-ray diffiacion data is 
recorded on computer readable medium, by which is mean, any medium that can be read and 
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directly accccssed by a computer. These data may be used to model the enzyme, a 
subdomain thereof, or a ligand thereof. Computer algorithms useful for this application are 
publicly and commercially available. 

2. Crystallization of Protein phis Inhibitor 

. As mentioned above, it is advantageous to co-crystallize the protein in the presence of 
a binding ligand, such as inhibitor. Generally, the process for optimizing crystallization of 
the protein is followed, with addition of greater than 1 mM concentration of the inhibitor 
ligand during the precipitation phase. These crystals are also compared to crystals formed in 
the absence of ligand, so that measurements of the ligand binding site can be made. 
Alternatively, 1-2 jil of 0.1-25 mM inhibitor compound is added to the drop containing 
crystals grown in the absence of inhibitor in a process known as "soaking." Based on the 
coordinates of the binding site, further inhibitor optimization is achieved. Such methods 
have been used advantageously m finding new, more potent inhibitors for HIV proteases 
(See, eg., Viswanadhan, V.N., et al J. Med. Chem. 39: 705-712, 1996; Muegge, L, et al J. 
Med. Chem. 42: 791-804, 1999). 

One inhibitor ligand which is used in these co-crystallization and soaking expedments 
is PIO— P4'staD->V (SEQ ID NO: 72), a statin peptide inhibitor described above. Methods 
for making the molecule are described hcrem. The inhibitor is mixed with p-secretase, and 
the mixture is subjected to the same optimization tests described above, concentrating on 
those conditions worked out for the enzyme alone. Coordinates are detomined and 
comparisons are made between the fipee and ligand bound enzyme, according to methods well 
known in the art. Further comparisons can be made by comparing the inhibitory 
concCTtrations of the enzyme to such coordinates, such as described by Viswanadhan, et al, 
supra. Analysis of such comparisons provides guidance for design of further inhibitors, 
using this method. 

D. Biological Activity of p-secretase 

1. Naturally occurring p-secretase 

In studies carried out m support of the present invention, isolated, purified forms of p- 
secretase were tested for enzymatic activity using one or more native or synthetic substrates. 
For example, as discussed above, when P-secretase was prepared fiom human brain and 



l.ydr«>„i,ofMBP-C.25SW. "-"-enured by 

2. Isolated Recombinant p-secretase 

NO- 4,,^ Oos A2 cells „e„ .^eo-ed wift PCFPA2 ™Efffi. 
.5 ™f-««P-n,v.«„.pCnNA3.c„„y,.,,,,^ ™ 

generated IgGvariabte region spite acceptor. 
» PCDNAJ ™. c«, „i,h .esoicion endo™.cle..es HtodlU .„d EooRl ,he„ blun.ed bv 

r:;::r":rr --'-"•^^^^^^ 

"nBguiandXbal, filledin,andtheIarEe9 I5khiw.„.»» . . 
h„„^ 'S^^ '^ •^oiragmenl containing pBR 

H^ntycn andEBVacuences, „g«^„...,,,, N™, x™„i ^en. If pCF 

PCPPA.(c,oneA.,co„,...,ne.g.p™.r:ecW^P 

XI"""' " - - 1* 

paniculate fraction was prepared from the nellei Th.o r 

.2/.Tn,™X-100. ll.eTn,».cx,„c,„aadi,„,edwi»,pH5.0b«n-e,a.dpas»d 
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through a SP Sepharose cohmin. After the pH was adjusted to 4.5. p-secretase activity 
containing fractions were concentrated, with some additional purification on PIO- 
P4'(statine)D->V Sepharose. as described for the brain enzyme. Silver staining of fiactions 
revealed co-purified bands on the gel. Fractions conesponding to these bands were subjected 
5 to N-teiminal amino acid determination. Results fiom these experiments revealed some 
heterogeneity of p-secretase species within the fractions. These species represent various 
forms of the enzyme; for example, from the 293T cells, the primary N-tcrminus is the same as 
thai found in the brain, where (with respect to SEQ ID NO: 2) amino acid 46 is at the N- 
tenninns. Minor amounts of protein starting just after the signal sequence (at residue 23) and 

10 at the start of the aspaityl protease homology domain (Met-63) were also observed. An 
additional major fom of protein was found in Cos A2 cells, resulting ftom cleavage at Gly- 

^ 58. These results are summarized in Table 3. above. 

2. Comparison of Isolated, Naturally Occuning P-secretase with 

Recombinant 

15 p -secretase 

As described above, naturally occiming p-secretase derived fiDm human biain as: weU 
as recombinam forms of the enzyme exhibit activity in cleaving AFP. particulariy as 
evidenced by activity in the MBP-C125 assay. Further, key peptide sequences fiom the 
naturally occuning form of the enzyibe match portions of the deduced sequence derived fiom 
20 cloning the enzyme. Further confmnation that the two enzymes act identically can be taken 
fiom additional experiments in which various inhibitors were found to have very similar 
afSnities for each enzyme, as estimated by a comparison of IC,, values measured for each 
enzyme undw similar assay conditions. These inhibitors were discovwd in accordance with 
a fiirther aspect of the invention, which is described below. Significantly, the inhibitors 
25 produce near identical IQ, values and rank orders of potency in brain-derived and 
recombinant enzyme prqiarations, whai compared in flie same assay. 

In fiirther studies, comparisons were made between the fiill length recombinant 
enzyme having a C-terminal flag sequence 'TLpSOl " (SEQ ID NO: 2, + SEQ ID NO: 45) and 
a recombinant enzyme tnmcated at position 452 "452Stop" (SEQ ID NO: 58 or SEQ ID NO: 
30 59). Both enzymes exhibited activity in cleaving p-secretase substrates such as MBP-C125, 
as described above. The C-tenninal truncated fonn of the enzyme exhibited activity in 
cleaving the MBP-C125sw substrate as well as the P26-P4' substrate, with simUar rank order 
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ofpotency for the various inhibitor drags tested. In addition, the absolute IQoS were 
comparable for the two enzymes tested with the same inhibitor. All ICjoS were less than 10 

1. Cellular P-secretase 

5 Further expcrimaits carried out in support of the present invention have revealed that the^ 

isolated p-secretase polynucleotide sequences described herein encode p-secretase or (J- 
seaietase fragments that are active in cells. This section describes experiments carried out in 
support of the present invention, cells were transfected with DNA encoding P-sewetase alone, 
or were co-transfected with DNA encoding-secretase and DNA encoding wild-type APP as 
10 detailed in Bxample 8. 

a. Transfection with p-secretase 

In experiments carried out in support of the present invention, clones containing genes 
expressing the fiilUcngth polypeptide (SEQ ED NO: 2) were transfected into COS cells 
(Fugene and Effectene methods); Whole cell lysates were prepared and various amounts of 
15 lysate were tested for P-secretase activity according to standard methods known in the art or 
described in Example 4 herein, FIG. 14B shows the results of these experiments. As shown, 
lysates prq)ared from transfected cells, but not from mock- or control cells, exhibited 
considerable enzymatic activity in the MPB-C125sw assay, indicating "overexpression" of P- 
secrctase by these cells. 
20 b. Co-transfection of Cells with P-secretase and' APP 

In further experiments, 293T cells were co-transfected with pCEK clone 27, Figures 12 
and 13 or poCK vector containing the fiill length P-secretase molecule (1-501; SEQ ID NO: 
2) and with a plasmid containing either the wild-type or Swedish APP construct pohCK75 1 , 
as described in Example 8. B-specific cleavage was analyzed by ELIS A and Western 
25 analyses to confirm that the correct site of cleavage occurs. 

Briefly, 293T cells were co-transfected with equivalent amounts of plasmids encoding 
pAPPsw or wt and p-secretase or control P-galactosidase (p-gal) cDNA according to standard 
methods. pAPP and p-secretase cDNAs were delivCTed via vectors, pohCK or pCEK, which 
diUiot replicate in 293T cells Q)CEK-clone 27, HGs. 12 and 13; pohCK751 c>q)ressing PAPP 
751, FIG. 21). Conditioned media and cell lysates were collected 48 horns after transfection. 
Western assays were carried out on conditioned media and celllysates. ELISAs for 
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detection of AP peptide were carried out on the conditioned media to analyze various APP 
cleavage products. 

Western Blot Results 

It is known that P-secretase specifically cleaves at the Met-Asp in APPwt and the 
Leu-Asp in APPsw to produce the Ap pepMt, starting at position 1 and releasing soluble 
APP (sAPPP). Immunological reagents, specifically antibody 92 and 92sw (or 192sw), 
respectiveiy, have been developed that specifically detect cleavage at this position in the 
APPwt and APPsw substrates, as described in U.S. Patent 5.721,130, incorporated herein by 
reference. Western blot assays wctc carried out on gels on which cell lysates were sq)arated. 
These assays woe performed using methods well known in the art. using as primary antibody 
reagcnte Ab 92 or Ab92S, which are specific for the C terminus of the N-tcmiinal fragment of 
APP derived fiom APPwt and APPsw, respectively. In addition, ELISA format assays were 
performed using antibodies specific to tiie N terminal amino acid of the C terminal fragment. 

Monoclonal antibody 13G8 (specific for C-teiminus of APP - epitope at positions 
675-695 of APP695) was used in a Western blot format to determine whether the transfccted 
cells express APP. FIG.15A shows that rq)roducible transfection was obtained with 
expression levels of APP in vast excess over endogenous levels (triplicate wells are indicated 
as 1, 2, 3 in FIG,15A). Three forms of APP - mature, nnmature and endogenous - can be 
seen in cells transfccted with APPwt or APPsw. When p-sccretasc was co-transfected with 
APP, smaller C-terminal fragments appeared in triplicate well lanes from co-transfected. cells 
( Western blot FIG. 15 A, right-most set of lanes). In parallel experiments, where cells were 
co-transfected with p-secretase and APPsw substrate, literally all of the mature APP was 
cleaved (right-most set of lanes labeled "1^3" of FIG. 15B). This suggests that there is 
extensive cleavage by P-secrelase of the mature APP (upper band), which results in C- 
terminal fragments of expected size in the lysatc for cleavage at the P-secretase site. Co- 
transfection with Swedish substrate also resulted in an increase in two different sized CTF 
fragments (indicated by star). In conjuction with the additional Western and ELISA results 
described below, tiiese results are consistent witii a second cleavage occurring on the APPsw 
substrate afts^the initial cleavage at the p-secretase site. 

Conditioned medium &om the cells was analyzed for reactivity with the 1 92sw 
antibody, which is specific for p-s-APPsw. Analysis using this antibody indicated a dramatic 
increase in P-secrctase cleaved soluble APP. This is observed in the gel illustrated in FIG. 
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16B by comparing the dark bands present in the "APPsw Psec" samples to the bands present 
in the "APPsw Pgal" samples. Antibody specific for P-s-APPwt also indicates an increase in 
P-secretase cleaved matoial, as illustrated in FIG. 16A.. 

Since the antibodies used in these experiments are specific for the P-secretase 
cleavage site, the foregoing results show that p501 P-secretase cleaves APP at this site, and 
the overexpression of this recombinant clone leads to a dramatic enhancement of P-secretase 
processing at the correct P-secretase site in whole cells. This processing works on the 
wildtype APP substrate and is enhanced substantially on the Swedish APP substrate. Since 
approximately 20% of secreted APP in 293T cells is p-sAPP, with the increase observed 
below for APPsw, it is probable that ahnost all of the sAPP is p-sAPP. This observation was 
further confirmed by independent Westem assays in which alpha and total sAPP were 
measured. 

Monoclonal antibody 1736 is specific for the exposed a-secretase cleaved p-APP 
(Selkoe, et al.). When Westem blots were performed using this antibody as primary 
antibody, a slight but reproducible decrease in a-cleaved APPwt was observed (FIG. 17A), 
and a dramatic decrease in a-cleaved AI^sw material was also observed (note near absence 
of reactivity in FIG. 1 7B in the lanes labeled ''APPsw Psec'*). These results suggest that the 
overexpressed recombinant p501 p-secrctase cleaves APPsw so efficiently or extensively that 
there is little or no substrate remaining for a-secretase to cleave. This further indicates that 
all the sAPP in APPsw Psec samples (illustrated in FIG 16B) is B-sAPP. 
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ABELTSA 

Conditionedmediafion,thc«combinantcdbwascollected.tf^^^^ 
tested for AP peptide production by EUSA on microtiter plates coated with m«^^^ 
antibody 2G3. which is specific for recognizing the Ctenninus of AP(1 -40). with the detector 

5 '«««'«»biotinylatedmAb3D6,whichmeasun«Ap(x^)(i.e..alimcrTnin^ 
fonns of the Ap peptide). Overexpiession of P-secretase with APPwt resulted in an 

appmimately 8-fold increase in AP(x-40)p«Kluction. with l-40represento^ 
IHin^toge of the total. There was also a substantial increase in the production of AP 
(nG.18). WithAPPswtherewasanapproximate2-foldincreaseinAP(x-40). Without 
10 ««hcrinetoanyparticularunderiyingtheonr.itisthoughttha^ 

AP(x-40) P-sec/APPsw cells in comparison to the P-sec/APPwt cells is due in part to the fact 

that processmgoflheAPPsw substrate is much more efficient than thatofthcAPPw, 
substnrte. That is. a significant amount of APPsw is processed by endogenous p-secretase. so 
furthcrincreases »pon transfection of p-secrcfase are therefore limited. TTiese data indicate 
that the cxpressionofnxombinant p-secretase incr^esAp production and that l^s^ 
«Uo luniting for piXKiuction of AP in cells, mmeans that p-secrctaseenzy^^ 
me Imuting for pn,ductionofAP in cells, and thereforepn>videsa6ood therapeutic U^^^^ 
rv. Utility 

^ ^'^ssion Vectors and Cells Bqiressingp-seciBlase 

Further cloning and expression of members of U.e aspartyl protease family described 
above, for example, can be achieved by inserting polynucleotides encoding the 
Piote.™, „to standard expression vectors and transfecting appropriate host ceUs according to 
standard methods discussed below. Such expression vectors and ceUs expressing, for 
«^Ie.thehumanp-secretasecnzymedescribedherein.haveutility.forexample in 
producing components (purified enzyme or tiansfected celk) for the sciT^ening am^ 
discussed in Part B. below. S«:h purified enzyme also has utility in providing starting 
materials for aystallization of the enzyme, as described in Section m. above. In particular 
tnmcated fom,(s) of U,e enzyme, such as I -452 (SEQ ID NO: 59) and 46-452 (SEQ ID 
NO:58). and the deglycosylated fom,s of the enzyme described herein are considered to have 
uhbty m ,h,s regard, as are other fomu, truncated partway into the transmembrane region, for 
example 1-460 or 46-458. 
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Polynucleotide sequences which encode 


10 


Jiuman P-secretase, splice variants, fiagments of the protein, fusion proteins, or functional 
equivalents thereof collectively referred to herein as "p-secretase," may be used in 
recombinant DNA molecules thai direct the expression of p-secretase in appropriate host 
cells. Due to the inherent degeneracy of the genetic code, other nucleic acid sequences that 
encode substantially the same or a functionaUy equivalent amino acid sequence may be used 
to clone and express p-secretase. Such variations will be readily ascertainable to persons 
skilled in the art. 

The polynucleotide sequences i can be engineered in order to 

alter a P-sccretase coding sequence for a variety of reasons, including but not limited to. 
alterations that modify tiie cloning, processmg and/or expression of the geoe product For 

example, alterations may be introduced using techniques which are well known in the art. 
e-g.. sitCKlirected mutagenesis, to msert new restriction sites, to alter glycosylation patterns, 
to change codon preference, to produce splice variants, etc. For example, it may be 

15 advantageous to produce p-secretase -encoding nucleotide sequences possessmgnon- 

naturally occurring codons. Codons preferred by a particular prokaryotic or eukaryotic host 
(Munay. E. et al. (1989) Nuc Acids Res 17:477-508) can be selected, for example, to 
increase the rate of p-seoetase polypeptide eiqiression or to produce recombinant RNA 
transcripts having desirable properties, such as a longer half-Ufe. than tiaiismpts produced 

20 ftom naUiraUy occurring sequence. This may be particularly usefiil in producing recombinant 
enzyme in non-mammalian cells, such as bacterial, yeast, or insect cells. 

Recombinant constructs comprising one or more of tiie sequences as broadly described above 
may be constnictcd. The comitructs comprise a vector, such as a plasmid or viral vector, into 

which a sequence has been inserted, in a forward oriBven* orientation. The construct may 
fiulher comprise regulatory 

sequences, including, for example, a promoter, opeiably linked to tiie sequence. Large 
numbers of suitable vectors and promoters are known to tiiose of skill in tiie art, and are 

. commereially available. Appropriate cloning and expression vectors for use Witt, prokaryotic 
and eukayotic hosts are also described m Sambrook, et ai, (ropra). 

30 Host cells may be genetically engineered with vectors described above, and proteins 

and polypeptides may be produced by recombinant techniques. Host cells are genetically 

engineered (i.e., transduced, transformed 
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ortnmsfected)witbthcvectore which may be, for example, a cloning vector 

or an expression vector. The vector may be. for example, in the fonn of a plasmid. a viral 
particle, a phage, etc. The aigineered host ceUs can be cultured in conventional nutrient 
media modified ias appropriate for activating promoters, selecting transforraants or amplifying 
the p-sccretase gene. The culture conditions, such as temperature, pH and the like, are those 
previous^ used with the host cell selected for expression, and will be apparait to those 
skilled in the sit Exemplaiy methods for transfection of various types of cells are provided 
in Example 6, herem. 

As described above, ^ . _ host cells 

can be co-transfected with an enzyme substrate, such as with APP (such as wild type or 
Swedish mutation fonn). in order to measure activity in a cell environment. Such host cells 

are of particular utility in — screening assays — particularly for 

screening for therapeutic agents that are able to traverse cell membranes. 

The polynucleotides — may be included in any of a variety of 

expression vectors suitable for expressmg a polypeptide. Such vectors include chromosomal, 
nonchromosomal and synthetic DNA sequences, e.g., derivatives of SV40; bacterial 
plasmids; phage DNA; baculovirus; yeast plasmids; vectors derived fiom combinations of 
plasmids and phage DNA, viral DNA such as vaccinia, adenovirus, fowl pox virus, and 
pseudorabies. However, any oth^ vector may be used as long as it is replicable and viable in 
the host The appropriate DNA sequence may be ins^ed into the vector by a variety of 
procedures. In general, the DNA sequence is inserted into an appropriate restriction 
endonuclease site(s) by procedures known in the art. Such procedure and related sub- 
cloning procedures are deemed to be within the scope of those skilled in the art. 

The DNA sequence in the expression vector is operativcly linked to an q)propriate 
transcription control sequence (promoter) to direct mRNA synthesis. Examples of such 
promoters include: CMV, LTR or SV40 promoter, the E. coli lac or trp promoter, the phage 
lambda PL promoter, and other promoters known to control expression of goies in 
prokaryotic or cukaryotic cells or tiieir viruses. The expression vector also contams a 
ribosome binding site for translation mitiation. and a transcription taminator. The vector 
may also include appropriate sequences for amphfying expression, hi addition, the 
expression vectors preferably contain one or more selectable maricer genes to provide a 
phenotypic trait for selection of ttansformed host cells such as dihydrofolate reductase or 
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ijeomycin resistance for eukaiyotic cell culture, or such as tctnicycline or ampicUlin 
resistance in E. coli. 

The vector containing the appropriate DNA sequence as described above, as weU as 
an appropriate promoter or control sequence, may be employed to transform an appropriate 
5 host to pennit the host to express the protein. Examples of appropriate expression hosts 
include: bacterial cells, such as E. coli, Streptomyces, and Salmonella typhimuriumySansal 
cells, such as yeast; insect celU such as I)raropW/a and Sporfop^^^ 
such as aiO. COS. BHK, HEK 293 or Bowes melanoma; adenoviruses; plant cells, etc. It is 
understood that not all cells or cell Unes will be capable of producing fiilly functional p- 
10 sccretase; for example, it is probable that human p-secretase is highly glycosylated in native 
fonn. and such glycosylation may be necessaiy for activity. In this event, eukaiyotic host 
cells may be preferred. The selection of an appropriate host is deemed to be within the scope 

ofthose skilled in the art fix)m the teachings heaein. I ' ■ 

1 

15 ^n'w'^'erial systems, a number ofexpression vectors may be selected depending upon 

the use intended for p-secretase. For example, when large quantiUes of p-secretase or 
fragments thereof are needed for theinduction of antibodies, vectors, which direct high level 
expression effusion proteins that are readily purified, may be desirable. Such vectors 
include, but arc not Umited to. multifimctional E coli cloning and expression vectors such as 
20 BJ«escript(R){Sfiatagene. La JoIla,CA), in which thrp-secietase coding sequK^ 
ligated mto the vector in-fiame with sequences for the amino-terminal Met and the 
subsequent 7 residues of beta-galactosidase so that a hybrid protein is produced; pIN vectors 

(Van Heeke & Schuster (1989) J Biol Chem 264:5503-5509); pBI vectors (Novagen. 
Madison WI); and the like. 

25 ^*«yeast&ccW-OOTj<c««rCTmaeanumberofvectoiscontahungcons^ . 

inducible promoters such as alpha factor, dcohol oxidase and PGH may be used. For 

reviews, see Ausubel cTfl/. (supra) and Giant era/. (1987; Methods in Enzymology 153-51^ 
544). 

In cases where plant expression vectors are used, the expression of a sequence 
10 encoding P-secretase may be driven by any of a nmnber of promoters. For example. Viral 
promoteis such as the 35S and 19S promoten; of CaMV (Brisson et al. (1984) Nature 
310:51 1-514) may be used alone or in combination with the omega leader sequence fiwrn 
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TMV (Takamatsu et al (1987) EMBO J 6:307-3 1 1). Alternatively, plant promoters such as 
the small subunit of RUBISCO (Coruzzi et al (1984) EMBO J 3:1671-1680; Broglie et oL 
(1984) Sciaice 224:838-843); or heat shock promoters (Winter J and Simbaldi RM (1991) 
Results. ProbL Cell Differ. 17:85-105) may be used. These constructs can be introduced into 
plant cells by direct DNA transfonnation or pathogen-mediated transfection. For reviews of 
such techniques, see Hobbs S or Muny LE (1992) in McGraw Hill Yearbook of Science and 
Technology, McGraw Hill, New Yoik. N.Y., pp 191-196; or Weissbach and Weissbach 
(1988) Methods for Plant Molecular Biology, Academic Press, New York, N.Y., pp 421-463. 

P-secretase may also be expressed in an insect system. In one such system, 
Autographa califomica nuclear polyhedrosis vims (AcNPV) is used as a vector to express 
foreign genes in Spodopterafrugiperda SB cells or in Trichoplusia larvae. The P-secretase 
coding sequence is cloned into a nonessential region of the vims, such as the polyhedrin gene, 
and placed under control of the polyhedrin promoter. Successful insertion of Kv-SL coding 
sequence will render the polyhedrin gene inactive arid produce recombinant virus lacking coat 
protein coat. The recombinant viruses are then used to infect S.frugiperda cells or 
Trichoplusia larvae in which P-secretase is expressed (Smith et aL (1983) J Virol 46:584; 
Engelhard EK et al (1994) Proc Nat Acad Sci 91 :3224-3227). 

In manunalian host cells, a number of viral-based expression systems may be utilized. 
In cases where an adenovirus is used as an expression vector, a p-secretase coding sequence 
may be ligated into an adenovirus transcription/translation complex consisting of the late 
promoter and tripartite leader sequence. Insertion in a nonessential El or E3 region of the 
viral genome will result in a viable virus capable of expressing the enzyme in infected host 
cells (Logan and Shenk (1984) Proc Natl Acad Sci 81 :3655-3659). In addition, transcription 
enhancers, such as the rous sarcoma virus (RSV) enhancer, may be used to increase 
expression in mammalian host cells. 

Specific initiation signals may also be required for efficient translation of a p- 
secretase coding sequence. These signals include the ATG initiation codon and adjacent 
sequences. In cases where P-secretase coding sequence, its initiation codon and upstream 
sequences are mserted into the appropriate expression vector, no additional translational 
control signals may be needed. However, in cases where only coding sequence, or a portion 
thereof, is inserted, exogenous transcriptional control signals including the ATG initiation 
codon must be provided. Furthermore, the initiation codon must be in the correct reading 
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frametoensurettaiscriptionoftheentireinsert. Exogenous tnmscripUonal elements and 
initiation codons can be of various origins, both natural and synthetic. The efficiency of 
expi«aion may be enhanced by the inclusioii of eahanccB appropriate to 4^ 

use(ScharfDera/.(1994)ResultsProblCeIIDifrer20:125-62:Bittner«r«/.(1987)Methods 
5 in EnzymoM 53:5 16-544). 

Host cells may contain the — '■ —l^ 

«»»vc^<«^bedconstnicts. TTie host cell can be a higher eukaryotiCceU,sud^ 
mammaKan ceU, or a lower eukaiyotic cell, such as a yeast cell, or the host ceU can be a 
prokaoroUcccll.suchasabacterialccll. Introduction ofthe construct into the host cell can be 
10 effected by calcium phosphate transfection, DEAE-Dextran mediated tiansfection. or 
electroporation (Davis. L., Dibner. M.. and Battey. L (1986) BasicMethods m Molecular 
Biology) or newer methods, including lipid transfection with "FUGBNE" (Roche Molecular 
BiochemicaU, Indianapolis, IN)or"EFTECreNE"(Quiagcn. Valencia, CA), or other DNA 
canier molecules. Cell-fiee translation systems can also be employed to produce 
1 5 pol>peptides using RNAs derived from the DNA constructs. 

A host cell strain maybe chosen for its ability to modulate tiie expression ofthe 
inserted sequences or to process tiie expressed protein in the desired feshion. Such 
modifications of the protein include, but are not limited to, acctylation. caitoxylation. 
glycosylation, phosphoiylation. lipidation and acylation. Post-translational processing which 
20 <=>eavesa"prepro-formoftheprotemmayalsobeimpo,tantforcoriectinse,tion.fo^^^ 
and/or function. For example, in Uk case of Mecretaie, it is likely that the N-tenninus of 
SEQ ID NO: 2 is trancated. so that the protein begins at ammo acid 22, 46 or 57-58 of SEQ 
ID NO. 2, Different host cells such as CHO, HeLa. BHK. MDCK, 293. W138. etc. have 
' "Vccificcellularmachineryandcharacteristicmechanismsforsuchpost-trahslationa^ 

25 activities and may be chosen to ensure tije correct modification and processing ofthe 
introduced, foreign proteia 

For long^erm. high-yield production of recombinant proteins, stable expiessi^^ 
bepreferred. For example, cell lines that stably express p-secretasetiiay be transformed 
using expression vectors which contain viral origins of repUcation or endogenous expression 
30 elementsandaselBctablemari.ergene. Following the introduction ofthe vector, cells may be 
allowed to grow for 1-2 days in an enriched media before tiiey are switched to selective 
media. The purpose of die selectable maricer is to confer resistance to selection, and its 
presence allows growti, and recoveor of cells that successfully express tiie introduced 
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sequences. Resistant clumps of stably transfonned cells can be proliferated using tissue 
culture techniques appropriate to the cell type. For example, in experiments earned out in 
siq)port of the present invention, overexpression of the "452stop" forai of the enzyme has 
been achieved. 

Host cells transformed with a nucleotide sequence encoding p-secretase may be 
cultured under conditions suitable for the expression and recovery of the encoded protein 
from cell culture. The protein or fragment thereof produced by a recombinant cell may be 
secreted, membrane-bound, or contained intracdlularly, depending on the sequence and/or 
the vector used. As will be understood by those of skill in the art, expression vectors 
containing polynucleotides encoding P-secretase can be designed with signal sequences 
which direct secretion of P-secretase polypeptide through a prokaryotic or eukaryotic cell 
membrane. 

p-secretase may also be expressed as a recombinant protein with one or more 
additional polypeptide domains added to facilitate protein purification. Such purification 
facilitating domains include, but are not limited to, metal chelating peptides such as histidine- 
try^tophan modules that allow purifrcation on immobilized metals, protein A donuuns that 
allow purification on immobilized immunoglobulin, and the domain utilized in the FLAGS 
extension/affinity purification system (Immunex Coip, Seattle, Wash.). The inclusion of a 
protease-cleavable polypeptide linker sequence between the purification domain and p- 
secretase is usefiil to facilitate purification. One such expression vector provides for 
expression of a fiision protein compiising p-secretase {e.g., a soluble P-secretase fragment) 
fiised to a polyhistidine region separated by an enterokinase cleavage site. The histidine 
residues facilitate purification on IMIAC (immobilized metal ion affinity chromatography, as 
described in Porath et al, (1992) Protein Expression and Purification 3:263-281) while the 
enterokinase cleavage site provides a means for isolating P-secretase fipom the fusion protein. 
pGEX vectors (Promega, Madison, Wis.) may also be used to express foreign polypeptides as 
fusion proteins with glutathione S-transferasc (GST). In general, such fusion proteins are 
soluble and can easily be purified from lysed cells by adsorption to ligand-agarose beads 
(e.g., glutathione-agarose in the case of GST-fusions) followed by elution m the presence of 
tec ligand. 

Following transformation of a suitable host strain and growth of the host strain to an 
appropriate cell density, the selected promoter is induced by appropriate means (e.g.. 
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temperatnreshillorchenucdmduction)aiKl«^ CeUs 
are typically harvested by centtiftgation, disrupted by physical or chenucal means, and the 
resulting ciude extract retained for further purification. Microbial cells employed in 
expression of proteins can be disrupted by any convenient method, including freeze-thaw 
cycling, sonication. mechanical disruption, or use of cell lysing agents, or other inethods. 
which are well know to those skilled in the art 

P-secretase can be recovered and purified from recombinant cell cultures by any of a 
number of methods well known in the art. or. preferably, by the purification scheme described 
berem. lutein refolding steps can be used, as necessary, in completing configuration of the 
mature.pn.tein. Details ofmethods for purifyingnatunUly occurring as well as purified fom« 
of P-secretase are provided in the Examples. 

B. Methods ofSelecting p-secretase Inhibitor 

Molecules, such as synthetic dmgs. antibodies, peptides, or other molecules, which 
have an inhibitory effect on the activity of p«e described herein, generally referred to 
as mhibitors. antagonists or blockers of the enzyme may be identified. 

Such an assay includes the steps of providing* a human P-secretase. 

such as the P-secretase which comprises SEQ ID NO: 2. SBQ ID NO: 43. or " 

^ ' — — an isolated protein, about 450 amino acid 

residue in length, which mcludes an amino acid sequ^ce that is at least 90% identical to 
SEQ ID NO: 75 [63-423] including conservative substitutions thereof, which exhibits p- 
secretaseactivity,asdescribedherein. Hie B-secretase enzyjne is contacted with a test 
compound to determine whetherithasamodulating effect on the activity oftheenzy^ 
discussed below, and selecting from test compounds capable of modulating P-secretase 
activity. In particular, inhibitory compounds (antagonists) are usefiU in the treatment of 
disease conditions associated with amyloid deposition, particularly Alzheimer's disease 
P«sons skilled in the art wiU understand that such assays may be convenia,tly transformed 
intokits. 

Particularly useful screening assays employ ccUs which express botfi p-secretase aid 
AFP. Such cells can be made recombinanUy by co-tiansfection of the cells with 

polynucleotides encoding the proteins, as described in Section ra, above, or can be made ^ 
tnmsfectingacellwhichmiturallycontainsoneoftheproteins withthesecondprotein. Ina 

If ^ 
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paxUcularembodiment.suchceUsa«g™wn«pmmulti-wcUc«^^ 
tovaoongconceatnUiomofatestcompoundorcompoundsforapreKle^^ 
tune, which can be determined empirically. Whole ceU lysates. cultured media or cell 

membranes are amyed for (^secretase activity. Test compomids which si^ 
5 «*v,tycompaml to cont^l (as discussed below) a« considered then^eut^^ 

I«.lated p-secretasc. its ligand-binding. catalytic, or immunogenic ftagments. or 
ohgopeptides thereof can be used for screening therapeutic compounds i^ 
<j™gscreeni„gtechniques. The protein employed in such a test may be membrane4K,und 
fi«e « solution, affixed to a solid support, borne on a cell surface, or located intraccllularly. 
10 ^«««««ionofbindingcomplexesbetweenP-sec,,.tasean^ 

measured. Compounds that inhibit binding between P-sec«tase and its substrates, such as 
APPorAPPfiagments.maybedetcctedinsucha„assay. Preferably, enzymatic activity will 
be momtored. and candidate compounds will be selected on the basis of ability to inhibit such 
activity. Morcspecifically.atestcompoundwillbeconsideredasaninhibitorofp-sccreu.se 
15 •f«»«'n««"edp-secretaseactivityissignificanUylowerthanp:secretaseactivitymeasmed 
m the absence of test compound. In this context, the term "significantly lower" means that in 
the presence of the test compound the enzyme displays an enzymatic activity which, when 
compared to enzymatic activity measured in the absence of test compound, is measurably , 
lower.w„hintheconfidencelimitsoftheassaymethod. Such measurements can be assessed 
byachangeinK.and/orV_singleassayendpointandysis.oranyothermethod^^ 
mtheart Exemptary methods for assaymgP-secretase are provided in Example 4 herein. 

For e»mvle. in studies carried out in support of the present imrenlion. compou^ 
wereselectedbasedonthcirabiUty to.inhibitp-sccretaseactiwtyinthel^P^^ assay 

Compounds that hduT,ited the enzyme acrivityataconcentration lower tha^ 
25 were selected for finther screening. 


~ :■ - 4 Based on studies carried out in support of 

«hemve„tion.ithasbee„detcrminedthatthepeptidecompounddescribedhereinas PIO- 
P4'staD->V(SEQmNO:72)isar««sonablypoteminh.lHtoroftheenz^^^ Further studies 
based on thrs «quencc and pcptidomimetics of portions of this sequence have revealed a 
number of small molecule inhibitors. 
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Random libraries of peptides or othw compounds can also be screened for 
suitabiUty as p-secretase inhibitors. Combinatorial Ubraries can be produced for many types 
of compounds that can be synthesized in a step-by-step fashion. Such compounds include 
polypeptides, beta-turn mimetics. polysaccharides, phospholipids, homiones. prostaglandins. 
5 steroids, aromatic compounds, hetcrocycUc compounds, benzodiazepines, oligomeric N- 
substituted glycines and oligocarbamates. Large combinatorial libraries of the compounds 
can be constructed by the encoded synthetic libraries (ESL) method described in Afiymax. 
WO 95/12608. Afiymax. WO 93/06121, Columbia University. WO 94/08051. Phamiacopeia. 

WO 95/35503 and Scripps. WO 95/30642 (each of which is incorporated by reference for all 
10 purposes). 

A preferred source of test compounds for use in screening for therapeutics or 
therapeutic leads is a phage display library. See. eg.. Devlin. WO 91/18980; Key. B.K.. el 
al, eds.. Phage Display of Peptides and Proteins. A Laboratory Manual. Academic Pr«^, San 
DiegcCA. 1996. Phage display is a powerful technology that allows one to use phage 
genetics to select and amplify peptides or proteins of desired characteristics fiom libraries 
containing lOMO' different sequences. Ubraries can be designed for selected variegation of 
an amino acid sequence at desired positions, allowing bias of the library towaitl desired 
characteristics. Libraries are designed so that peptides are expressed fused to proteins that are 
displayed on the surfiice of the bacteriophage. The phage displaying peptides of the desired 
characteristics are selected and can be regrown for expansioa Since the peptides are 
amplified by propagation of the phage, the DNA fiom the selected phage can be readily 
sequenced facilitating rapid analyses of the selected pepUdes. 

Phage encoding peptide inhibitors can be selected by selecting for phage that bind 
specifically to p-secretase protein. Libraries are generated fiised to proteins such as gene H 
thatareexpressedonthesurfaceofthephage. The libraries can be composed of peptides of 
various lengths, linear or constrained by the inclusion of two Cys amino acids, fused to the 
phageproteinormayalsobefusedtoadditionalproteinsasascaffold. One may start with 
libraries composed of random amino acids or with Ubraries that are biased to sequences in the 
PAPP substrate surrounding the P-seaetase cleavage site or preferably, to the D->V 
substituted site exemplified in SEQ ID NO: 72. One may also design Ubraries biased toward 
the pq,tidic inhibitora and substrates described herein or biased towaixl peptide sequences 
obtained fit)m the selection of binding phage fiom the initial Ubraries provide additional test 
inhibitor compound. 
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. W»nd phage spocineany binding ,„, he p™a« 

Pieced r.,. Li™,a,i<,„s, s„ch as a ^»i„,„e„, ,,,, ,^ ^, y,,^ ,^ 

k"ow„ aelive si,e i„hibi,„r .Ifi-sccr^^ ,e g. ,he i,d,ihi,„„ described he„i„,, sen,e ,<. 

*;«'-«'*-P'.»6ese,ee,ionae.ivesi,esp.i„ee»hpo„„ds.Tl,isca„beco„p,iea,edbya 
d.ffe™halse,ee,ic„r„™a,. Highly p.H«ed p.see„,a,e. derive 
.«.n,bi„a„, cells can be in^obili,^ ,. pe p,,^,^ 
■ ■«h»„„es Inference phage book,. Recon,bi„a„, p.secm,s^ „ ^ ^ 

pcp..detaea.bi„d,e.gs,^a.idenbi™«„g„,„.if,„,,P,^0„„^,„^,„,,^^^ 

''™'-"-^:H-^.(^-chass,,cpU.idi„.,app.opHa,ea„Ubodi»,,^ 

can also be used, ""ge a. i„c„b„cd „i,h ,he bound p-sec.,a:« a^ „„b„„^ p^,. 

-o.edby>vashi„g..n.phag.aree,.,».and,hisse,ee,io„is„pc,.ed„n,ilapop„^^^^^^ 

^'''"''•™'>'P-»"«-°»be.'W-by.,p,essi„gi,i„c.s„,„,he,n»h™al™ 
ce»sg™„i„g.„ape,H disb. 1" -Ws-se one would selce, fo, phage bind,„g ,„,he|,. 
-«as= expressing cells, and selec, agains, phage .l,a, bind ,o ,be e»„rol cells. ,ba, a,e .0. 

expressing P-secrctase, 

One can also use phage display technology ,„ sclcc, fo, p„fe„ed subsides of B- 
^crclase and ineo^^e „,e i,.„i„ed rea,urcs of «,e p„re™, subside pcpUdesoblained 
»yp™g0 display into inhibirots. 

in Ih. case of p-secre«se, knowledge offte ami„„ acid sequence sum,.ndi„g,h. 
el«vage si,e of APf and of ,he cleavage si,e of APf^v has p^vided i„f„™a,io„ for 
p.n>oses of sening up fte phage display sc™=ning lib™, to ide„,i,y prefem»i subsidies of 

inrrprnT'"""^ e of a papieulariy good pep,ide 

nh.b,.o,.PI0.P4s«I>.>V(SEQn>NO:72,,asdescHbedhe,.i„.p„.idesi„fl«io„ 
for semng up a ■bi«ied- llbiaiy towarf this sequence. 

f'>™ple..hepcp,idesubs,„,elibnuyc«„aini„g 10" diffcen, sequences is f»«d 

oap,o,e,„,s„chas.ge„en.pr„,e,„,exp,es»,o„,hcsurfaceof,hephageandase,«e,.e 

o^r^°T'"""*"''°~'"-°""'''"^"''-'-''""'-=*»"^«'i^ 
o H,s. T>. phage are digested >v,-,h protease, and undigesied phage are reutoved by bindtag 

^J^„a,ei.„obi,izedbi„di„gp,o.ei„,suchass,.ep.avidi„. -ntis s.lec,i„„ is .epeaicd 
U...1 apoputaoo Of phage encoding subslraie peptide sequences is recovered. The DNA i„ 
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the phage is sequenced to yield the substrate sequences. These substrates are then used for 
further development of peptidomimetics, particularly peptidomimetics having inhibitory 
properties. 

Combinatorial libraries and other compounds are initially screened for suitability by 
determining their cqjacity to bind to, or preferably, to inhibit P-secretase activity in any of 
the assays described herein or otherwise known in the art Compounds identified by such 
screens are then further analyzed for potency in such assays. Inhibitor compounds can then 
be tested for prophylactic and therapeutic efficacy in transgenic animals predisposed to an 
amyloidogenic disease, such as various rodents bearing a human APP-containing transgene, 
ag., mice bearing a 717 mutation of APP described by Games el al.. Nature 373: 523-527, 
1995 and Wadsworth et al. (US 5,811,633, US 5,604.131, US 5.720,936). and mice bearing a 
Swedish mutation of APP such as described by McConlogue el al. (US 5,612,486) and Hsiao 
et al. (U.S 5.877,399); Staufenbiel et al.. Proa Natl. Acad, ScL USA 9^. 13287-13292 (1997); 
SturcWer-Pienrat et al.. Proa Natl Acad, ScL USA 94, 13287-13292 (1997); Borchelt et al.. 
Neuron J 9, 939-945 (1997), all of which are incorporated herein by reference. 

Conq^ounds or agents found to be efficacious and safe in such animal models will be 
further tested in standard toxicological assays. Compounds showing appropriate 
toxicologjcal and pharmacokinetic profiles will be moved into human clinical trials for 
treatment of Alzheimer's disease and related diseases. The same screening approach can be 
used on other potential agents such as peptidomimetics described above. 

In general, in selecting ther^eutic compounds based on the foregoing assays, it is 
useful to determine whether the test compound has an acceptable toxicity profile, eg., in a 
variety of in vitro cells and animal model(s). It may also be useful to search the tested and 
identified compound(s) against existing compound databases to detcmiine whether the 
compound or analogs thereof have been previously employed for pharmaceutical pinposes, 
and if so, optimal routes of administration and dose ranges. Alternatively, routes of 
administration and dosage ranges can be determined empirically, using methods well known 
in the art (see, e.g., Benet, L.Z., et al Pharmacokinetics in Goodman d Gilman *s The 
Pharmacological Basis of Therapeutics, Ninth Edition, Hardman, J.G., et al, Eds,, McGraw- 
Hill, New York, 1966) ^plied to standard animal models, such as a transgenic PDAPP 
animal model (eg.. Games. D., et al Nature 373: 523-527, 1995; Johnson-Wood, K., e/ a/., 
Proc. Natl. Acad. Sci. USA 94: 1550-1555, 1997). To optimize compound activity and/or 
specificity, it may be desirable to construct a library of near-neighbor analogs to search for 


^^o,,,,,.^ .„p.„„<, „,„Hes are „e„..™„„ ^ 
L. Inhibuors and Therapeutics 

po.e„.»d .toive i„hibi.ors Of p-sec^ase ag„ita„„,, p^^^^^ 

(SEQ m NO: 72), on which dn,g design can he b««J a», «Ui»o»>l sources, such as 
b,.scdpha8c<Bspl.ylib„^es.U,„sho«idp™«de«kliU„rtl«dco«,p™,nds 
si,cofr!'"''''r 

».cofO,cc„,^..r„,exa„,p,^,,,^,.,,.^„^,^^^.^^ 

. HIV p^icase ,„h,h,.or devclop^cn, i. is c„„,c„pu,ed ^ such c^om wi„ ,c<, ,„ f.^„ 
^ »P.™-.»nof,hc,cs,c.„p„„„^„,^„, Wi,hop,™i^co„^„,,i„,,„,, 
s poss.h,c ,0 dcnue a co^po™, pha™a„,ph„„, aud r,„hc sea„* cxiMing phannacophc:, 

~ ,o™„,ae wiU, original,, d.scovered c„„,p„„„,s, b„, „hich share a connnon 
pha™,ac„pho,e s,™,„r. and aciviiy. Tes, c„„p„„^ 3„ assayed ,„ any of ,h. inhibiio, 

'»»»>^*»^bedhe™„, a. vari»«sugesm development n,e«f«e.p.see»>ase 
.nh.bi«.,y agenls can be discoveied by an, of Ihe meth»ls describ«l herein 

P«.cular,y d,e i„|,ihi,or assays and .he c,y«al,i.a,i,„,„p,i„i^„„„ p™,„e„ls. Such 

■^■''""V.ien.s.re.l.^r.peu.iecandida.csfor^eahhcn.orAfca.ei^er-sdisease.^^wella^ 
"'^-ytoidosescW.eri.edbyAPpep.idedcpos.lion. n» consideralions co«»ning 
. a,c„pe„hc .nde, Ooxicology). hioavailahilily and dosage discussed in Part B above are also 
a. consider wia,respec,,„u,ese,herapeu.ic candidates. 

* 

* : D. Methods of Diagnosis 

••: '"'"':'^'»*'^™"b>a„nsU,a,p,ovideenhaneedp.s.c,.,as.acfi«^^ 

dragnMed. For example, there aie fomis of »cov.iycanbe 

» Wl-al AI,J.eim.r-s disease in which ,he undertying genetic diso^ has ye, to be 

r^gn,^. Members offamiliespos^ingthisgcneticptedispositioncanbcnoni,^ 
-»™,o.s m the nucleotide sequence that encodes P-sectetase and,or pr«noter regions 
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thereof, since it is apparent, in view of the teachings herein, that individuals who overexpress 

of the enzyme or possess catalytically more efficient fonns of the enzyme would be likely to 

piDduce relatively more AP peptide. Support for this supposiHon is provided by the 

observation, reported herein, that the amount of p-secretase enzyme is rate Umiting for 
production of AP in cells. 

More specifically, persons suspected to have a predilection for developing for 
developing or who already have the disease, as well as members of the general population, 
may be screened by obtaining a sample of their cells, which may be blood cells or fibroblasts, 
for example, and testing the samples for the presence of genetic mutations in the p-secretase 
gene, in comparison to SEQ ID NO: 1 described herein, for example. Alternatively or in 
«idition. cells fiom such individuals can be tested for P-secretase activity. According to dus 
embodiment, a particular enzyme preparation might be tested for increased affinity and/or 
Vmax with respect to a p-sccretase substrate such as MBP-C125. as described herein, with 
comparisomi made to the nonnal range of values measured in the general population. 
Individuals whose P-secretase activity is increased compared to normal values are suscepfible 
to developing Alzheimer's disease or other amyloidogenic diseases involving deposition of 
AP peptide. 

E. Thoapeutic Animal Models 

Certain transgenic and/or knockout animals can be created that are also useful in the 
screening assays described heteln. Ofparticuiar 


25 


use is a transgenic animal that overexpresses the p-secretase enzyme, such as by adding an 
additional copy of the mouse enzyme or by addmg the human enzyme. Such an animal can 
be made according to methods well known in the art (e.g.. Cordell. U.S. Patent 5387.742; 
Wadsworth et al.. US 5.81 1.633. US 5.604.131. US 5.720.936; McConlogue et al.. US 
5.612.486: Hsiao et al..U.S 5,877^99; and "Manipulating the Mouse Embryo, A Laboratory 
Manual." B. Hogan. F. Costantini and R Ucy. Cold Spring Harbor Press. 1986)). 
substimting the one or more of the constructs described with respect to p-secretase. herein, 
for. the APP constructs described in the foregoing references, all of which are incoipoiated by 
30 reference. 

An overexpressing p-secrctase transgenic mouse will make higher levels of Ap and 
spAPP from APP substrates than a mouse expressing endogenous p-secrctase. This would 


facilitate analysis of APP processing and inhibition oflhat processing by candidate 
therapeutic agents. The enhanced pioduction of A|} peptide in mice transgenic for (i-secrelase 
would allow acceleration of AD-likc pathology seen in APP transgenic mice. Tltis result can 
be achieved by either crossing the p-secrctase expressing mouse onto a mouse displaying 
5 AD-like pathology (such as the PDAPP or Hsiao mouse) or by creating a transgenic mouse 
expressing both the p-secretasc and APP iransgenc. 

Such transgenic animals are used to screen for P-secretase inhibitors, with the 
advantage that they will test the ability of such inhibitors to gain entrance to the brain and to 
effect inliibition in vivo. 

10 A so^:alled "knock-out mouse" in which the endogenous enzyme is either 

pennanently (as described in US Patent Nos. 5.464.764, 5.627.059 and 5,631,153. - 
which are incoiporated by reference in their entirety) or inducibly deleted (as 
described in US Patent No. 4.959.317. which in incorporated by reference in its 
entirety), or which is inactivated, is described in further detail below. Such mice serve 

15 controls for p-secretase activity and/or can be crossed with APP mutant mice, to 
provide validation of the pathological sequelae. Such mice can also provide a screen 
for other ding targets, such as drags specifically directed at Ap deposition events. 

P-S9cretase knockout mice provide a model of the potential effects of B-secrctase 
inlubitors in vivo. Comparison of the cHects of p-sccretase test inhibitors in vivo to the 
phenolype of the P-secretase knockout can help guide drag development. For example, the 
phcnotype may or may not include pathologies seen during dmg testing of p-secretase ■ 
inhibitors. If the knockout does not show pathologies seen in the drag-treated mice, one 
cpuld infer that the drag is interacting non-specifically with another target in addition to the 
P-secretasc target. Tissues from the knockout can be used to set up drag binding assays or to 
23' carry out expression cloning to find the targets that are responsible for these toxic effects. 
;:, . Such information can be used to design further drags that do not interact with these 
. I undesirable targets. The knockout mice will facilitate analyses of potential toxicities that arc 
inherent to B-sccretase inhibition. Knowledge of potential toxicities will help guide the 
design of design dmgs ordrag-deliveiy syslen,s to reduce such toxicities. Inducible knockout 
30 mice are particularly useful in distinguishing toxicity in an adult animal from embryonic 
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efl-ecs seen in Ac ..andard knockout. If .he knockou, confers fetaMethal effects the 
inducible knockout will be advantageous. 

.^^*«^""^'-'-ologyfordevelopingknock-om 
.hat a number of commercial enten^rises genen.te such mice on a contract basis (e g.. Lexicon 
Genccs. Woodland TX; Cell & Molecular Technologies. Uvallette. NJ; Crysalis DNX 
Transgemc Sciences. Princeton. NJ). Methodologies are also available in the art. (See Galli- 
Tahado^s. L.A.. er al., J. Immunol. Meth. 181: 1-15. .995). Briefly, a genomic clone of the 
enzyme of interest is r^uired. Where, as in the pi^t invention, the exons encoding the 
regions of the protein have been defined, it is possible to achieve inaCivation of the gene 
IP -*-'fMrtherknow,edgeoftheregulato.ysequencescontron Specifically 
a mouse strain 129 genomic library can be screened by hybridization or PCR. using the ' 
sequence information provided herein, according to methods well known in the art. (Ausubel- 
SambrxH,k) Tl,e genomic clone so selected is then subjected to restriction mapping partial' 
^ exon.c sequencing confirmation of mouse homologue and to obtain information for 
krrock-ou. vector construction. Appropriate regions are then sub-cloned into a "knock-out- 
vector canying a selectable marker, such as a vector canying a neo^ cassette, which renders 
cells resistant to aminoglycoside antibiotics such as genlamycin. The construct is further 
engmcered for disniption of the gene of interest, such as by insertion of a sequence 
replacement vector, in which a selectable marker is inserted into an exon of the gene, where it 
serves as a mutagen, disrupting the coordinated tnmscription of the gene. Vectors are then 
engmeered for tnmsfection into embryonic stem (OS) cells, and appropriate colomes are 
^ isolated. Positive ES cell clones are n,icro-i„jected into isolated host blastocysts to generate 
chimenc animals, which are then bred and screened for gennline transmissior. of the mutant 
allele. 

P-sccretase knock-out mice can be generated such that the mutation is 
, inducible, such as by inserting in the knock-out mice a lox region flanking the 
. Necretase gene region. Such mice ai^ then crossed with mice bearing a 

: ^^'^^--nderaainduciblepromoter.resul.inginatleastsomeoff^^^^^ 

Cre ^and th. lo, constructs. When expression of "Cre" is induced, it .erves to disrupt the 
gene flanked by the /o. constructs. Such a "Cre-lox" mouse is particularly useful, when it is 
suspected that the knock-out mutation may be lethal. In addition, it provides «.e opportunity 
for knockmg out the gene in selected tissues, such as the brain. Methods for generating Cre- 
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lox construes are provided.by U.S. Patent 4.959,317. incoTK>rated herein by reference, and 
are made on a contractual basis by Lexicon Genetics. Woodland.,. TX. among others. 

The following examples illustrate, but in no way are intended to limit the present 
invention. 

Example 1 

Isolation of Coding Seq nenrec for »„mnn p -e^..^«,.^ 

A. PCR Cloning 

Poly A+ RNA from IMR human neuroblastoma cells was reverse transcribed using 
the Perkin-Elmer kit. Eight degenerate primer pools, each 8 fold degenerate, encoding the 
N and C temiinal portions of the amino acid sequence obtained from the purified protein 
we«. des.8ned (sho,y„ in Table 4; oligos 3407 through 3422KS.EQ ID NOS: 3-21). PCR reactions we«> 
composed of cDNA from lOngofRNA. 1-5 mM MgCI,. 0.125 pi AmpliTaq® Gold ,60 
PM each dNTP (plus 20pM additional from the reverse transcriptase reaction). Perkin-Elmer 
TAQ buffer (from AmpliTaq® Gold kit. Perkin-Elmer, Foster City. CA ), in a 25 ,.1 reaction 
volume. Each of oligonucleotide primers 3407 through 34,4 was used in combination with 
each of oligos 34,5 through 3422 for a total for 64 reactions. Reactions were mn on the 
Perkm-Elmcr 7700 Sequence Detection machine under the following conditions: ,0 min at 
95T. 4 cycles of. 45 'C aimealing for 15 second, 72 • C extension for 45 second and 95 -C 
denaturation for , 5 seconds followed by 35 cycles under the same conditions with the 
excephon that the annealing temperature was raised to 55 'C . O he foregoing conditions are 
referred to herein as "Reaction I conditions.") PCR products were visualized on 4% agarose 
gel (Northern blots) and a prominent band of the expected size (68 bp) was seen m reactions 
particularly with U^eprimers 3515-35,8. The 68 kb band was sequenced and the mten,al 
region coded for the expected amino acid sequence. This gave the exact DNA sequence for 
22 bp of the interna, region of this fragment. 

Additional sequence was deduced from the efficiency of various primer pools of 
discrete sequence in generating this PCR product. Primer pools 3419 to 3422 (SEQ H) 
NOS: 15-18) gave very poor or no product, whereas pools 3415 to 3418 (SEQ ID NOS: 
1 M4 respectively) gave robust signal. The difference between these pools is a CTC (3415 
to 3418) (SEQ ID NOS: 1 1-14) vs TTC (3419 to 3422) (SEQ ID NOS: 15-18) in the 3' 
most end of the pools. Since CTC primed more efficiently we can conclude that the 

reverse complement GAG is the correct codon. Since Met coding is unique it was 
concluded that the following codon is ATG. Thus the exact DNA sequence obtained is: 
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CCC.GGC.CGG.AGG.GGC.AGC.TTT.GTG.SMLA1QJST 
encoding the amino acid sequence P G R R G S F V E M V (SEQ ID NO- 50) This 
-quence can be used ,o design exact oligonucleotides for 3 and 5' RACE PGR on either 
cDNA or libraries or to design specific hybridization probes to be used to screen liberies 

Since the degenerate PGR product was found ,o be so robust, this reaction may also be 
used as a diag™,sUc for the presence of clones containing this sequence. Pools of libraries 

canbescreenedusi„gthisPCRpr.ducttoindicatethepresenceofaclonein.hepool THe 
poolscanbebrokenouttoidentifyindividualclones. Screening pools of known complexity 
and or s,z. can provide infonnation on the abundance of this clone in a library or source and 
can approximate the size of the full length clone or message. 

For generation of a probe. PGR reactions using oligonucleotides 3458 (SEQ ID 
NO: 19)and3469(SEQIDNO:21)or3458(SEQlDNO: 19) and 3468 (SEQ ID 
NO: 20) (Table 4) can be carried out using the 23 RACE product, clone 9C7E 35 (30 

ng. clone 9C7E.35 was isolated from origene Ubrary. see Example 2). or cDNA 

generated from br^in. using Uie standard PGR conditions (Perkin-Elmer. rtPCR and 

AmpIiTaq® Gold kits) with the following: 25 ,1 taction volume 1.5 mM MgCl. 

0.125 ,1 of AmpliTaq® Gold (Perkin-Elmer). initial 95o for 10 min to activate the ' 

AmpliTaq® Gold. 36 cycles of 65" 15 sec 72« 45 sec 95' for 15 sec. followed by 3 

mm at 72». Product was purified on a Quiagen PGR purification kit and used as a ' 

substrate for randompriming to generate a radiolabeled probe (Sambrook. et al 

^ra; Amersham RediPrime® kit). n,is piobe was used to isolate full lengU, close 

PCEK clone 27 shown in FIGS. 12 and 13 (A-E) (SEQ ID NO: 48). 

Derivation of foil length done pCEK done 27 

A human primary neuronal cell library in the mammalian expression vector pCEK2 
vector was generated using size selected cDNA. and pools of clones generated from dilferent 
s-duu^erts. The cDNAlibraor for B-secretase serening was made with poly(A)^RNA 
.solatedfiomprimaryhuman neuronal cells. The cloning vector was pCEK2 (FIG 12) 


pCEK2 


A tou, of „ve taiom were Mvid™,,, ,iga,cd wiU, doublccu. (N„I ^ Xhol) 


PC^K^ »„ .„te,.e„„>, w<™ed ™„ E;c.,i XL-I.CoM *h . designed 
to accept very large piasmids. ^ 

The fractions of .n.nsfonned E. Coli were pJa.ed on Terrific BrCh agar plates 
conta.n.ng a.pici.n and le. grown for , 8 hou.. Each fi^ctron yie.ded about 200 000 
coo„.estog.veato,a,ofonen.ii.ionco,onies. "n^e colonies were then scraped fi^. the - 
P and p.asn^ids .solated /Vo. the. in pools of approximately 70.000 Cones/poo,. 

70.000c.ones fro..each poo. ofthe library Was screened for thepresenpeoftheputativefi- 
s^aseg^e^ingthedia^osticP^^ (SEQID 

m- 7) and 3417 (SEQ ID NO: 13) shown above) 

a 390 b.p. PCR product ge„,r.ted fro.c.one 9C7E.35. For generation of a probe PCR 

pnxluct was genentted using 3458 (SEQmNO: ,9) and 3468 (SEQID NO- 2^) as' 
pnmers and Cone 9C7E.35 (30 ng) as substrate. 

probe "soZ'rZ^'''^'''''^^^^^^^^ 

probe. »80.000c.onesfron,the,.5kbpoo.(70.000ori8ina.c.onesinthispoo.) were 
screened.byhybr,d..,ion with thePCR probe and9posi.ivcc,ones identified. Fourof^^^^ 
coneswere isolated and by res.nc,ion.apping.hesoappeartocncodet^^ 
-n- -o5.b (c.one.7) and 6 to 7 .b (clone 53) length. Sequencing o fie .7 
Jfie<,hat..containsacodingregionofi.5kb. FIG. 13 (A-H) shows ,hc.se,ue„ceof 
PCEK clone27 (clone 27) (SEQ ID NO: 48). 


SEQID 
NO. 


4 

T 
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Pool No. 

3407" 
3408 
3409 


3410 


Tab.c4 


3411 


3412 
3413 
34M~ 


Nucleotide Sequence 

(Degerierate substitutions arc ..hnu^n in r ^rentheses) 
G.AGA.GAt.OA(OA).GA(GA).CC(AT).GAG.GAG.CC 

U.AUA.GAC.GA(GA).GA(GA).CC(A T).GAA.GAG.CC 
E^5^^^GA(GA):gX(GA^^ 


G.AGA.GAC.GA(GA):GX(GA)rC0^^ 


cc 


AGA.GAC.GA(GA).GA(G;^):oC(C^^ 


GAC.GA(GA).GA(GA):cC(CG).GAA:GAGrC 
^GA^GACX3A(GA).GA(bA).CC^ 
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3419 


20 


21 


3468 


3469 


CG.TCA.CAO.(UA)lT.(UA)TC.GAC.CAT.CrC 


CG.TCA.CAo.{OA)1T.(GA)TCJW^C.CAT.TrC 



GAG GOO CAU CIT TGT GGA OA 


CAG.CA1 AOG.CCA.CiCC.CCA.GGA.TGC.cf" 


GTG.AlO.OCA.UCA.ATG.TTG.GCA.CGC" 


Example 2 

Screening of human fetal hr- incDNA lihrary 
^ THe Origene human fetal brain Rapid-Screen™ cDNA Libnoy Panel is pn,vided as a 
96-weU format anay consisting of 5000 clones (plasmid DNA) per well fiom a hunum fetal 
brau. hbnuy. Subplates a« available for each well consisting of 96 wells of 50 clones each in 

94 .weUs from the master plate were screened using PGR. The Reaction 1 Conditions 
desmbed ,n Example 1. above, were followed, using only primer. 3407 (SEQ ID NO- 3) and 

3416(SEQIDNO:I2)with30ngofp.asmidDNAf.meachwel..TwoUshow^^^^^^^^ 
po«t.ve 70bp band. The same primer, andconditions wet. used to screen 1 pi E. coli fn>m 
e^h well of one of the subplates. E. coli from the single positive well was then plated onto 
LB/amp plates and single colonies sci^ned using the same PCR conditions. TT,e positive 
done, about 1Kb in size, was labeled 9C7E.35. It contained the original peptide sequence as 
well as 5 sequence that included a methionine. The 3' sequence did not contain a stop codon 
suggesting that this was not a full-length clone, consistent with Northern blot data 


Example 3 
PCR Cloning Melhndc 
3'RACE was used in experimcn.s carried ou, in support of the present invention to 
elucidate the polynucleotide encoding human P-secretase. Methods and conditions 
appropriate for replicating the experiments described herein ami/or deterniining 
polynucleotide sequences encoding additional members of the novel family of aspartyl 
proteases described herein may be found, for example. ,n White. B. A., ed.. PCR Clonino 
Protocols: Humana Press. Totowa,NJ. 1997. or Ausubel. both of which are 
mcorporated herein by reference. 


0 RT-PCR 


For reverae transcription polymerase chain reaction (RT-PCR). two partially degenerate 
primer sets used for RT-PCR amplificadon of a cDNA fragment encoding a.is peptide. Primer set 
1 consrsted of DNAs #3427-3434 (SEQ ID NOS: 22-29 respectively, Ure sequences of which are 
shown .n Table 5. below. Matrix RT-PCR using combinations of primers from this set wid, cDNA 
5 reverse transcnbed from primary human neuronal cultures as template yielded the predicted 54 bp 
CDNA product with primers #3428 + 3433 (SEQ ID NOS: 23 + 28). All RT-PCR reactions 
employed 10-50 ng input poIy-A+ RNA equivalents per reaction, and were carried out for 35 

cycles employing step cydeconditionswith,95<'Cdenaturationforlminute.50'Ca„nealingfor 
30 sec. and a 72»C extension for 30 sec. 

The degeneracy of primer. #3428 + 3433 (SEQ ID NOS: 23 + 28) was further broken 
down. r^Iting ,„ prf^er set 2. comprising DNAs #3448-3455 (SEQ ID NOS- 30-37) CTable 5) 
Matnx RT-PCR was repeated using primer set 2. and cDNA reverse tr.r.scribed fix>m poly-A+ " 
RNA from IMR-32 human neuroblastoma cells (American Type Cultur, Collection. Manassas, 

Tnl m" '"""^ """" '""^^ " '^"''^ amplification. Primers #3450 

SEQ ID NO: 32) and 3454 (SEQ ID NO: 36) from set 2 most efficiently amplified a cDNA 
fragment of the predicted size (72 bp), although primers 3450+3453 (SEQ ID NOS- 32 and 35) 
and3450.3455(SEQn>NOS:32aud37)alsoamplifiedthesameprxK,uct,aIbeitatlower ' 

effic.ency.A72 bp PCR product wascbtained by ampUfication of cDNAft^m IMR-32 cells and 
pnmary human neuronal cultures wid, primers 3450 (SEQ ID NO: 32) ami 3454 (SEQ ID NO: 36). 

5' and V RAi-i; p/^p 

. Intenral primers matching the upper (coding) strand for 3' Rapid Amplification of 5' 
tnds (RACE) PCR, and lower (non-coding) strand for 5' RACE PCR were designed and 
-ado according to methods known m the art (e.,.. Frohman. M. A.. M. K. Dnsh and G. R. 

60 


Martin (1988)."Rapid production of full-length cDNAs from rare transcripts: amplification using 
a single gene specific oligo-nucleotide primer." Proc. Natl. Acad. Sci. U S A 85(23): 8998- 
9002.) The DNA primers used for this experiment (#3459 & #3460) (SEQ ID NOS: 36 and 39) 
are illustrated schematically in Table 4 and the exact sequence of these primers is presented in 
Table 3. These primers can be utilized in standard RACE-PCR methodology employing 
commercially available templates (e.g. Marathon Ready cDNA®, Clontech Labs), or custom 
tailored cDNA templates prepared from RNAs of interest as described by Frohman et cd. (ibid.). 

In experiments carried out in support of the present invention, a variation of RACE was 
employed to exploit an IMR-32 cDNA library cloned in the retrovirus expression vector 
pLPCXlox, a derivative of pLNCX. As die vector junctions provide unique anchor sequences 
abutting the cDNA inserts in this library, they serve the purpose of 5' and 3' anchor primers in 
RACE methodology. The sequences of the specific 5' and 3* anchor primers we employed to 
amplify p-secretase cDNA clones from the library, primers #3475 (SEQ ID NO: 40) and #3476 
(SEQ n> NO: 41), are derived from the DNA sequence of the vector provided by Clontech Labs, 
Inc., and arc shown in Table 3. 

Primers #3459 (SEQ ID NO: 38) and #3476 (SEQ ID NO: 41) were used for y RACE 
amplification of downstream sequences from our IMR-32 cDNA library in the vector 
pLPCXlox. The library had previously been sub-divided into 100 pools of 5.000 clones per pool, 
and plasmid DNA was isolated from each pool. A survey of the 100 pools with the primers 
identified as diagnostic for presence of the p-secretase clone, according to methods described in 
Example 1. above, provided individual pools from die library for RACE-PCR. 100 ng template 
plasmid from pool 23 was used for PCR amplification with primers 3459 + 3476 (SEQ ID NOS: 
38 and 41 respectively). Amplification was carried out for 40 cycles using ampli-Taq Gold®, 
under tiie following conditions: denaturation at 95^C for 1 min, annealing at 65**C for 45 sec., 
and extension at 72^C for 2 min. Reaction products were fractionated by agarose gel 
chromatography, according to methods known in the art (Ausubel; Sambrook). 

An approximately 1.8 Kb PCR fragment was revealed by agarose gel fractionation of the 
reaction products. The PCR product was purified from tiie gel and subjected to DNA sequence 
analysis using primer #3459 (SEQ ID NO: 38). The resulting sequence, designated 23 A, and tiie 
predicted amino acid sequence deduced from the DNA sequence are shown in HO. 5. Six of die 
first seven deduced amino-acids from one of tiie reading ft^es of 23 A were an exact match 
with the last 7 amino-acids of die N-terminal sequence determined from die purified 
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protein, purified and sequenced in further experiments canied out in support of the present 
invention, from natural sources. 
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Tables 


SEQID I DNA # NUCLEOTIDE SEQUENCE 
NO. 


COMMENTS 


13427 I GAYGARGAGCCNGAGGA 


23 3428 iGAYGARGAGCCNGAaGA 


24 


3429 GAYGARGAaCCNGApGA 


25 


[3430 I GAYGARGAaCCN GAaGA 


26 3431 I FrrTRTCNACCATTTC 


27 


29 


I 3432 I RTTRTCNACCAT cTC 


28 3433 TCNACCATYTCNACAAA 


13434 I TCNACCATYTCN ACG AA 


30 


31 


3448 ata^EJaoflGAYGARGAgCCaGAaGA 


5' primer, break down of 3428 w/ 5* Xbal tall 
1of4 


3449 atafc^aaGAYGARGAgCCgGAaGA 


5' primer, braak down of 3428 w/ ff Xbal tall 
2of4 


32 1 3450 I ata^jtasLaGAYGARGAfiCCcGAaGA 


5" primer, break down of 3428 w/ 5' Xbal tail 
3 of 4 


33 3451 atattc_feg^GAYGARGAgCaGAaGA 


5* primer, break down of 3428 vtl 5* Xbal tall, 
4 of 4 


34 3452 acacqaattcTTRTCNACCATYTCaACAAA 


breakdown of 3433. 1 of 4: tm = 50 


35 3453 acacaaMjETTRTCNACCATYTCgACAAA 


breakdown of 3433 w/ 5* Eco Rl tall, 2 of 4* 
tmg 50 


36 


3454 acacaaM^TTRTCNACCATYTCcACAAA 


breakdown of 3433 w/ y Eco Rl taD. 3 of 4* 
M=50 


37 3455 acacflaattfiTTRTCNACCATYTCtACAAA 


breakdown of 3433 w/S* Eco Rltaa 4of4' 
lm = 50 


38 


3459 j aagaGCCCGGCCGGAGGGGCA 


5' upper strand primer lor 3* race encodes 
eEPGRRG 


39 


3460 aaaGCTGCCCXrrcXXSGCC GGG 


3* tower strand primer for 5* RACE 


40 


3475 AGCTCGTTTAGTGAACCGTCAGATCG 


pLNCX S' primer 


41 13476 I ACCTACAGGTGGGGTCTTTGATTCCC 


pLNCX. y primer 
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Example 4 

B-secretase I nhibitor AsRayf i 
Assays for measuring P-secretasc activity are well known in tiie art. Particulariy 
usefiil assays, summarized below, are detailed in allowed U.S. Patent 5,744,346, incoiporated 
S herein by reference. 

A. PTq)anrtion of MBP-C12SSW 

1. Pr^arationofcellis 

Two 250 ml ceU culture flasks containing 50 ml LBampl GO per flask were seeded 
10 with one colony per flask of E. coli pMAL-C125SW cl. 2 (E coli expressing MBP-C125sw 
fusion protein). Cells were allowed to grow overnight at ST'C. Aliqouls (25 ml) were 
seeded m 500 ml per flask of LBamplOO in 2 Uter flasks, which were then allowed to grow at 
30°. Optical densities were measured at 600 mn (OD^ vs LB broth; 1.5 ml lOOmM IPTC 
was added when the OD was "0.5. At this point, a pn^incubation aUqout was removed for 
15 SDS-PAGE ("-!").' Of this aliqout. 0.5 ml was centrifuged for 1 min in a Beckman 
microfiige, and the resulting pellet was dissolved in 0.5 ml 1 x LSB. The cells were 
incubated^mduced for 5-6 hours at 30 C. after which a post-incubation aliquot ("+I") was 
nanoved. Cells were thai centrifuged at 9,000 rpm in a KA9. 1 rotor for 10 min at 4" C. 
Pellets were retained and stored at -20 C. 
20 2. Extraction ofbact^al cell pellets 

Frozen cell pellets were resuspcnded in 50 ml 0.2 M NaCl, 50mM Tris, pH 7 J, then 
sonicated in rosette vessal for 5 x 20 sec bursts, with i min tests between bmsts. The extract 
was centiifuged at 16.500 rpm in a KA1E.5 rotor 30 min (39.000 x g). Using pipette as a 
pestle, the sonicated pellet was suspended in 50 ml urea extraction buffer (7.6 M urea, 50 mM 
Tris pH 7.5. 1 mM EDTA. 0.5% TX-lOO). Tbc total volume was about 25 ml per flasL Tlie 
suspension was then sonicated 6x 20 sec. with 1 min rests between bursts. The suspension 
was then centrifuged again at 1 6.500 tpm 30 mm in the KAl 8.5 rotor. Theiesulting 
supernatant was added to 1.5 L of buffer consisting of 0.2 M NaCl 50 mM Tris buffer. pH 
7.5, with 1% Triton X-100 {0.2M NaCl-Tris-l%Tx). and was stirred gently at 4 degt^ C 
for 1 hour, foUowed by centrifugation at 9,000 rpm in KA9.1 for 30 min at 4^. The 
supernatant was loaded onto a column of washed amylose (100 mi of 50% sluny. New 
England BioLabs). The column was washed with 0.2 M NaCl-Tris-l%TX to baseline (+10 
column vohmies), then with 2 column volumes 0.2M NaCI-Tris-1% reduced Triton X-100. 


25 


The prolein was then clu.ed with 10 mM maltose in the sam. k rr ' . 

ditiiipH o r 1 'o^-'iuii. reak tractions were pooled and 

diluted to a final concentration of about 2 mg/ml n,ef«rH« P° "and 

5 stored at -40 C. nton X-100). Diluted ahquofs were also 

Antibody-ha^ed AssaY" 

■-age. •n»"<»en,»dse,„e„.ei,a^„^„f.„3„,^„,3., 

cl«,v,ge of MPP. such as V,l.Ly..„e, i„ „ val As, L. .T^^ 

"..lati«,varia„,fc„,„f™ .. , ■heSw.^isl, double 

lom. of APP. Reeomb,„anll,.e,pre»«l p,„,ei„s. Scribed bek». were 
»«<l as subsides for p-secnlase. "WW. were 

" MBP.ri7^ ^.^y. MBP.C125 s.,l.«„._ 

m» la„er site ,s ,ee„g,i^ed by m„„oclo«l a„,ib„d, sW192 

C.« w,, a, ^ efeavage s... (.. Va,-Lys-Me-As^A,a., (SEQ ID NO: 54, „ .be "S Jed,sb- 

P.««..reeo™b.a„,,,e.p^^r(NewBns,a.dBi^stAr,t:r.r 
~.»,™of,_.^^,^^ 

expressed ,„ £ oh. Ihen piuified as described above 

"'"»■«"'^we„p,a,.s„e..„a,ed„iu,p„Hfieda„,,^fflP,„„^^,,^,^ 
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1 g/Uter sodium phosphate monobasic, 10.8 g/Uter sodium phosphate dibasic, 25 gAiter 
sucrose, 0.5 g/Ktcr sodium azide. pH 7.4. Appropriately dihited p-secretase enzyme (5 mD 
was mixed with 2.5 of 2.2 ^ MBP-C125sw substrate stock, in a 50 mI reaction mixture 
wifli a final buffer concentration of 20 mM acetate buffer, pH 4.8, 0.06% Triton X-100. in 
5 individual wells of a 96-weB miootiter plate, and incubated for 1 hour at 37 degrees C. 
Samples were then diluted 5-fold with Specimen Diluent (0.2 g/l sodium phosphate 
monobasic, 2.15 g/l sodium phosphate dibasic, 0.5 g/l sodium azide, 8.5 g/l sodium chloride, 

0.05% Triton X-405. 6 g/l BSA). further diluted 5-10 fold into Specimen Diluent on ant^ 
MBP coated plates, and incubated for 2 hours at room temperature. FoUowing incubations 
1 0 with samples or antibodies, plates were washed at least four times in TTBS (0.15 M NaQ, 50 
mM Tris. ph&.5, 0.05% Tween-20). Biotinylated SW192 antibodies were used as the 
reporter. SWI92 polyclonal antibodies were biotinylated using NHS-biotin (PierceX 
foUowing the mamifacturei's instruction. UsuaUy, the biotinylated antibodies were used at 
about 240 ng/toil, the exact concentration varying with the lot of antibodies used. FoUowing 
15 incubation of the plates with the reporter, the ELISA was developed using streptavidin- 

labeled alkaline phosphatase (Boeringer-Mamiheim) and 4-methyl-umbeUifeiyl phosphate as 
fluorescent substrate. Plates were read in a Cytofluor 2350 Fluorescent Measurement 
System. RecombinanUy generated MBP-26SW (product analog) was used as astandard to 
generate a standard cunre. which allowed the conversion of fluorescent units into amount of 
20 product generated. 

TTiis assay protocol was used to screen for inhibitor structures, using "libraries" of 
compounds assembled onto 96.well microtiter plates. Compounds were added, in a final 
concentration of 20 pg/ml in 2% DMSO. in the assay fomiat described above, and the extent 
of product generated compared with control (2% DMSO only) p-secretase incubations, to 
25 calculate "% mhibition.- "Hits" were defined as compounds which result in >35% inhibition 
of enzyme activity at test concentration. This assay can also be used to provide IC30 vahies 
for inhibitors, by vaiying the concentration of test compund over arange to calculate fiom a 
dos<^response curve the concentration required to inhibit the activity of the enzyme by 50%. 
Generally, inhibition is considered significant as compared to control activity in this 

30 assayifitresultsinactivitythatisatleastl standa,ddeviation.andpreferably2standaid 
deviations lower than a mean activity value determined over a range of samples. In addition. 
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a reduction of activity that is greater than about 25%, and preferably greater than about 35% 
of cootrol activity may also be considered significant 

Using the foregoing assay system, 24 "hits" were identified (>30% inhibition at 50 
HM concentration) from the first 6336 compounds tested (0.4% hit rate). Of these 12 
compounds had IC,,s less than 50 ^M, including re-screening in the P26-P4'sw assay, below. 

P2^P4'?nv!issaY . The P26-P4'sw substrate is a biotin-linked peptide of the sequence 
(biotin)CC3GADRGLTTRPGSGLTNIKTEEISEVNLDAEF (SEQ ID NO: 63). The P26-P1 
stondard has the sajuoice (biotin)CGGADRGLTTRPGSGLTNIKTEEISEVNL (SEQ ID 
NO: 64), where theN-temiinal "CGG" senres as almker between biotin and the substrate in 
both cases. Peptides were prepared by Anaspec, Inc. (San Jose. CA) using solid phase 
synthesis with boc-amino acids. Biotin was coupled to the terminal cysteine sulfliydiyl by 
Anaspec, Inc. after synthesis of the peptide, using EZ-Unk lodoacetyl-LC-Biotin (Pierce). 
Peptides are stored as 0.8-1.0 mM stocks in 5 mM Tris, with the pH adjucted to around 
neutral (pH 6.5-7.5) with sodium hydroxide. 

For the enzyme assay, the substrate concentration can vary from 0 - 200 nM. 
Specifically for testing compounds for inhibitory activity, substrate concentration is 1.0 nM. 
Compounds to be tested were added in DMSO. with a fmal DMSO concentration of 5%; in 
such experiments, the controls also receive 5% DMSO. Concentration of enzyme was varied, 
to give product concentrations within the linear range of the ELISA assay (125 - 2000 pM. 
after dilution). These componoits were incubated in 20 mM sodium acetate, pH 4.5. 0.06% 
Triton X-100. at 37 "C for 1 to 3 hours. Samples were diluted 5-foId in specimen dUuent 
(145.4 mM sodium chloride, 9.51 mM sodium phosphate. 7.7 mM sodium azide. 0.05% 
Triton X-405. 6 gm/liter bovine serum albumin. pH 7.4) to quench the reaction, then dUuted 
fiirther for the ELISA as needed. For the EUSA. Costar High Binding 96-well assay plates 
(Coming. Inc., Corning. NY) were coated with SW 192 monoclonal antibody from clone 
16A7, or a clone of similar alBnity. Biotin-P26-P4' standards were diluted in specimen 
dUuent to a final concentration of 0 to 2 nM. Diluted samples and standards (100 ^1) are 
incubated on the SW192 plates at 4 " C for 24 hours. The plates are washed 4 times in TTBS 
buflFer (150 mM sodium chloride. 25 mM Tris. 0.05 % Tween 20. pH 7.5). then incubated 
with 0.1 ml/well of streptavidin - alkaline phosphatase (Roche Molecular Biochemicals. 
Indianapolis, IN) diluted 1:3000 in specimen diluent. After incubating for one hour at room 
temperature, the plate was washed 4 times in TTBS, as described in the previous section, and 
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incubated with fluflrescent substrate solution A (3U gm/liter2-ainino-2-niethyl-l.propanoI. 
30 mg/Uter, adjusted to pH 9.5 with HCl). Fluorescent values were read after 30 minutes. 

C. Assays using Synthetic 01igopq)tide Substrates 

This assay fonnat is particularly useful for measuring activity of partially purified p- 
sccretase preparations. Synthetic oligopeptides are prepared which incorporate the known 
cleavage site of p-secretase. and optional detectable tags, such as fluorescent or chromogcnic 
moieties. Examples of such peptides, as well as their production and detection methods are 
described in allowed U.S. Patent 5.942,400, herein incorporated by reference. Qeavage 
products can be detected using high performance liquid chromatography, or fluorescent or 
chromogenic detection methods appropriate to the peptide to be detected, according to 
mefliods well known in the art. By way of example, one such peptide has the sequence 
SEVNL DAEF (SEQ ID NO: 52), and the cleavage site is between residues 5 and 6. 
Anoflierpreferred substrate has the sequence ADRGLTTRPGSGLTNIKTEEISEVNLDAE F 
15 (SEQ n? NO: 53), and die cleavage site is between residues 26 and 27. 

D. p-secretase Assays of Grade Cell or Tissue Extracts 

Cells or tissues were extracted in extraction buffer (20 mM HEPES, pH 7.5, 2 mM 
20 EDTA. 02% Triton X-1 00. 1 mM PMSF. 20 ^g/ml pepstatin. 10 |ig/ml E-64). Tbi volume 
of extraction buffer will vary between samples, but should be at least 200^1 per 10* cells. 
Cells can be suspended by tiituration witii a micropipette. while tissue may require 
homogenization. The suspended sampled were incubated for 30 minutes on ice. If necessary 
to allow pipetting, unsolubilized material was removed by centrifiigation at 4 degrees G, 
16.000 X g (14,000 rpm in a Beckman microfugc) for 30 minutes. The supeinate was as^yed 
by dilution into the final assay solution. The dilution of extract will vary, but should be 
sufHcient so that the protein concentiation in the assay is not greater tiian 60 ^gAnL Tht assay 
reaction also contained 20 mM sodium acetate, pH 4.8, and 0.06% Triton X-lOO Cmcluding 
Triton contributed by the extract and substrate), and 220 - 1 10 nM MBP-C125 (a 1:10 or 
30 120 dilution of tiie 0.1 mg/ml stock described in the pretocol for substrate pi^aration). 
Reactions were incubated for 1 - 3 horns at 37degrees C before quenching wifli at least 5 - 
fold dilution in specimen diluent and assaying using the standard protocol. 


25 
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Examples 
Purification of ^-secretase 

A. PurifiMtionofNaturaUyOccufring P-secretase 
5 Human 293 cells were obtained and processed as described in U.S. Patent 5.744.346. 

incoiporated herein by reference. (293 cells are available fiom the American Type CultL ' 

Collection. Manassas. VA). Frozen tissue (293 cell paste or human brain) was cut into pieces 
and combined with five volumes of homogenization buffer (20 mM Hopes. pH 7.5. 0.25 M 

sucrose. 2 mMEDTA). The suspension was homogenized using a blender and ceJtrifuged at 
10 16.000xgfor30minat4»C. The supematants were discarded and the pellets were 
suspended in extraction buffer (20 mM MES. pH 6.0. 0.5»/. Triton X-1 00. 1 50 mM NaCl. 
2mMEDTA.5Mg/mlleupeptin,5,.gtolE64. 1 ^g/mlpepstatin.0.2mMPMSF)atthe' 
original volume. After vortex-mixing, the extraction was completed by agitating the tubes at 
4'C for a period of one hour. The mixtures were centrifiiged as above at 16.000 x g. and the 

15 superaatants were pooled. Hie pHofthe extract was adjusted to 7.5 by adding ~l%(v/v) of 
1 M Tris base (not neutralized). 

The neutralized extract was loaded onto a wheat genn agglutinin-agarose (WGA- 
agarose) column pre-equilibiated with 10 column volumes of 20 mM Tris. pH 7.5, 0.5% 
TritonX-100. 150mMNaC1.2mMEDTA.at4»C. One milUliteroftheagan^e resin was 
used for every I g of original tissue used. The WGA-column was washed with 1 column 
volume of the equilibration buffer, then 1 0 vohm,es of 20 mM Tris. pH 7.5. 1 00 mM NaQ 2 
mM NaCl. 2 mM EDTA. 0.2% Triton X-1 00 and then eluted as follows. Unee-quarter 
column vohimesof 10% chitinhydrolysate in 20 mM TCs. pH 7.5. 0.5%. ISOmMNaCl 
0.5% Triton X-1 00. 2 mM EDTA were passed through the column after which the flow was 
25 stoppedforfifleenminutes. An additional five column volmnes of 10% chitinhydrolysate 
solution were then used to elute the column. All of the above eluates were combined (pooled 
WGA-elnate). ^ 

The pooled WGA-eluate was diluted 1 :4 with 20 mM NaOAc, pH 5.0. 0.5% Triton 
X-100, 2 mM EDTA. The pH of the diluted solution was adjusted to 5.0 by adding a few 
30 dropsofglacialaceticacidwhilcmonitoringthepH. This "SP load" was passed through a 5- 
ml Phannacia HiTrap SP-column equilibrated with 20 mM NaOAc. pH 5.0, 0.5% Triton 
X-100, 2 mM EDTA, at 4 ml/min at 4«C. 
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The foregoing methods provided peak activity having a specific activity of greater 
than 253 nM product/ml/h/ng protein in the MBP-C125-SW assay, where specific activity is 
dctennined as described below, with about 1500-fold purification of the protein. Specific 
activity of the purified P-secretase was measured as follows. MBP CI 25-SW substrate was 
5 combined at ^^proximately 220 nM in 20 mM sodium acetate, pH 4.8, with 0.06% Triton 
X-IOO. The amount of product generated was measured by the p-secietase assay, also 
described below. Specific activity was then calculated as: 

Specific AcUvity= (Product cone. nKfirPilution fanto^) 

(Enzyme sol. voI)(Incub. time h)(Enzyme cone, rag/vol) 

The Specific Activity is thus expressed as praoles of product produced per fig of p- 
secretase per hour. Further purification of human brain enzyme was achieved by loading the 
SP flow through fraction on to the P10-P4'sta D.>V affinity column, according to the general 
methods described below. Results of this purification step are summarized in Table 1 , above. 

B. Purification ofp-sea:etasefix)m Recombinant Cells 

Recombinant cells produced by the methods described herein generally were made to 
over-express the enzyme; that is. they produced dramatically more enzyme per cell than is 
found to be endogenously produced by the cells or by most tissues. It was found that some 
of the steps described above could be omitted from the preparation of purified aizyme under 
these circumstances, with the result that even higher levels of purification were achieved. 

CosA2 or 293 T cells transfected with p^secretase gene construct (see Example 6) 
were pelleted, tozea and stored at -80 degrees until use. The cell pellet was resuspendcd 
by homogenizing for 30 seconds using a handheld hpmogenizcr (0.5 ml/pellet of 
^proxunately 10* cells in extraction buffer consisting of 20 mM TRIS buffCT. pH 7.5, 2 mM 
EDTA, 0.2% Triton X-IOO. plus protease inhibitors: 5 \ig/m[ E^, 10 }ig/mi pq>statin, 1 mM 
PMSF), centrifiiged as maximum speed in a microfuge (40 minutes at 4 degrees Q. Pellets 
were suspended in original volume of extraction bufifer, then stirred at 1 hour at 4 d<!grees C 
with rotation, and centrifirted again in a microfiige at maximum speed for 40 minutes. The 
resulting supernatant was saved as the "extract.-* The extract was then diluted with 20 mM 
sodium acetate, pH 5.0. 2 mM EDTA and 0.2% Triton X-100 (SP buffer A), and 5M NaCl 
was added to a final concentration of 60 mM NaCl. The pH of the solution was then adjusted 
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to pH 5.0 with glacial acetic acid diluted 1 : 10 in water. Aliquots were saved C*SP load"). The 
SP load was passed through a 1 ml SP HiTr^ column which was pie^washed with 5 ml SP 
buffer A, 5 ml SP buffer B (SP buffer A with 1 M NaQ) and 10 ml SP buffer A An 
additional 2 ml of 5% SP buffer B was passed through the column to dissplace any remaining 
sample fiom the column- The pH of the SP flow-through was adjusted to pH 4.5 with lOX 
diluted acetic acid. This flow-through was then applied to a P10-P4'staD->V-Scpharose 
Affinity column, as described below. The column (250 \l\ bed size) was prc-cquilibratcd 
with at least 20 column volumes of equiUbration buffo: (25 mM NaCl, 0.2% Triton X-lOO, 
0.1 mM EDTA. 25 mM sodium acetate, pH 4.5), then loaded with the diluted supernatant 
After loading, subsequent steps were carried out at room temperature. The column was 
washed with washing buffer (125 mM NaCl, 0.2% Triton X-100, 25 inM sodium acetate, pH 
4.5) before addition of 0.6 column bed volumes of borate elution buffer (200 mM NaCl, 0.2% 
reduced Triton X-100, 40 mM sodium borate, pH 9.5). The column was then capped, and an 
additional 0.2 ml elution buffer was added. The column was allowed to stand for 30 minutes. 
15 Two bed volumes elution buffer were added, and column factions (250 ^l) were collected. 
The protein peak eluted in two fractions, 0.5 ml of 10 mgM peptstatin was add^ per 
millihter of collected fi^ons. 

Cell extracts made from cells transfected with Ml length clone 27 (encoding SEQ ID 
NO: 2; 1-501). 419stop (SEQ ID NO:57) and 452stop (SEQ ID NO: 59) were detected by 
20 Western blot analysis using anUbody 264A (polyclonal antibody directed to amino acids 46- 
67 of p-secretase with reference to SEQ ID NO: 2). . 

Example 6 

Preparation of Heterologous Cells Expressing Recombinant p-secretase 


25 


Two separate clones 0)CEKclone27 and pCEKclonc53) were transfected into 293T or 
C0S(A2) cells using Fugcne and Effectene methods known in the art. 293T cells were 
obtamed from Edge Biosystems (Gaithersburg, MD). Iliey are K:EK293 ceUs transfected 
with SV40 large antigen. C0SA2 are a subclone of COSl celk; subcloned in soft agar. 
30 FuQENp Method: 293T cells were seeded at 2x10^ ceUs per well of a 6 well culture 

plate. FoUowing overnight growth, cells were at qsproxhnately 40-50% confluency. Media 
was changed a few hours before transfection (2 mlAvell). For each sample. 3 iil of FuGENE 
6 Transfection Reagent (Roche Molecular Biochemicals, Indianq)oUs. IN) was diluted into 
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0.1 ml of seram-free culture medium (DMB with 10 mM Hepcs) and incubated at toom 
temperature for 5 min. One microgram of DNA for each sample (0.5-2 mgtol) was added to 
aseparate tube. The diluted FuGENEreageat was added drop-wise to the concentrated DNA. 
After genUe tapping to mix, this mixture was incubated at room temperature for 15 minutes. 
The mixture was added dropwise onto the cells and swirled gently to mix. The cells were 
then incubated at 37 degrees C. in an atmosphere of 7.5% CO,. The conditioned media and 
ceUs were harvested after 48 hours. Conditioned media was collected, centrifuged and 
isolated fiom the pellet. Protease inhibitors (5 pgtoU E64. 2 jigAnl peptstatin. 0.2 mM 
PMSF) were added prior to freezing. The cell monolayer was rinsed once with PBS, tehn 0.5 
ml oflysis buffer (1 mM HIPIS.PH7.5. ImMEDTA. 0.5% TritonX-100. 1 mMPMSF. 10 
HgAnlE64) was added. The lysate was fiozen and thawed, vortex mixed, then centrifi«ed, 
and the siqieroatant was frozen until assayed. 

EffectiYg Method . DNA (0.6^g) was added with "EFFECTENE" reagent (Qiagen, 
Valencia, CA) into a 6-well culture plate using a standard transfection protocol accoiding to 
manufacturer's instructions. CeUs were harvested 3 days after transfeotion and the ceU pellets 
were snap frozen. Whole cell lysates were prepared and various amounts of lysate were 
tested for p-secretase activity using the MBP.C125sw substrate. HG. 14B shows the 
results of these experiments, in which picomoles of product fomied is plotted against 
micrograms of COS cell lysate added to the reaction. The legend to the figure describes the 
enzyme source, where activity from cells transfected with DNA fiom pCEKclonc27 and 
PCEKclone53 (clones 27 and 53) using Effective are shown as closed diamonds and solid 
squares, respectively, activity from cells Wected with DNA torn clone 27 prepared with 
FuGENE are shown as open triangles, and mock transfected and control plots show no 

activity(closedtrianglesand"X"maike,s). VahiesgreaterthanTOOpMproductareoutof x 
25 the linear range of the assay. 
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Example? 

Preparation of P10-P4'sta(D->V) Sepharose Affinity Matrix 
30 A. Preparation of P10-P4'sta(D->V) inhibitor pq)tide 

P10-P4'sta(D->V) has the sequence NH,-KTEEISEVN[staJVAEF-COOH (SEQ © 
NO: 72). where "sta" represents a statine moiety. The synthetic peptide was synthesized in s 
peptide synthesizer using boe-protected amino acids for chain assembly. All chemicals, 
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ammo acid a-amme was removed with sno/ 

each couphng step and prior to Hydmgen Fluoride cleavage. 

Amino acid side chain protection was as follows: Glu(Bzl) Lysrci CBZ^ 
'0 Se,(OBzl).ThKOBzl). All other amino acids were used with no .^^^^^^^^ 

including boc-Statine. ^ "^^^ "o further side chain protection 

[(B.) be„^. (CBZ, ca^benzoxyaCl-CDZJchloHKartobenzoxy. (OBzl) O-benzy.j 

The s.de chain protected peptide resin was deprotected and cleaved from the resin by 

«^ct,ng w,th anhydrous hydrogen fluoride (HF) at 0»C for n h -ru- ''"^'^"'^^ 
15 fullvdenrn....^ ^ • ^""^^ " ""^ hour. This generates the 

fully deprotected cmde peptide as a C-tenninal carboxyhc acid 

this column was 0. 1% TFA / H7n riAi \ ^ " wim 

'0 ^.h-, u ^ ""'^ '^''A / CH3CN ([B] buffer) as the 

"''•<^ ''"»"»nn us composition and punly. f ' 

B. IncoiponiiioniMoAflinily Matrix 

All ^aripnlations carted «.t a, ™„„ ,c„,pc„„„„. ,2^ ^ , 

NH^S.^.ot.<i. '«"."P«k«.vo,™,.;Pka™,aci.,Pisca..w„.NJ,wasp„.,cdiat.. 

HO m^?"""" "^'"^ ""^ "fico^ld I.OnM 

HCI. When d,. bed was Ml, drained, the l»tt„„ „r the col«n,n was closed off. and 5 6 nd of 

7.0™^„,P,„P4-s.a<D.>V,pep,ide(SEQ.DNa72,<dissol,edi,0.IMHEIK pH80) 

IT"' ^ '-Won. 

d«^.n»„,sal,«„.d„d™i„.d«„washedwi,h.„l„,,.o„ed,.o,a„.„e.pHS.2 An 
««.»o..MO.,o,d««ha.olanin.s„lndonwasadd«l,™dd.ec„l«»,„asag^ncapp.d 
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and incubated overnight with lotatioa The column bed was washed with 20 ml of 1.5 M 
sodium chloride. 0.5 M TWs, pH 7.5. foUowed by a series of buffeis containing 0.1 mM 
EDTA. 02% Triton X- 100. and the following components; 20 mM sodium acetate. pH 4.5 
(100 ml); 20 mM sodium acetate. pH 4.5, l.O M sodium chloride (100 ml); 20 mM sodium 
borate. pH 9.5. 1.0 M sodium chloride (200 ml); 20 mM sodium borate, pH 9.5 (100 nil). 
FinaUy. the column bed was washed with 15 ml of 2 mM Tris, 0.01% sodium azide (no 
Triton or EDTA). and stored in that buffo, at 4°C. 
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- Example 8 

Co-Tmisfection of Cells with P-secretase and APP 

293T cells were co-transfected with equivalent amounts plasmids aux)ding APPsw or 
wtand p-secretase or control p-galalactosidc 0-gal) cDNA using FuGene 6 Reagent, as 
described in Example 4. above. Either pCEKclonc27 or poha containing full length p- 
secretase were used for expression of p-secretase. The pbsmid construct pohCK751used for 
the expression of APP in these transfections was derived as described in Dugan et al.. JBC. 
270(18) 10982-10989(1995) andshownschematicaUyinnG.21. A p.gal control plianid 
was added so that the total amount of plasmid transfected was the same for each condition. . 
P-gal expressing pCEK and pohCK vectors dojsot replicate in 293T or COS cells. Triplicate 
wells of cells w«e transfected with the plasmid, according to standard methods described 
above, then incnabated for 48 hours, before coUection of conditioned media and cells. Whole 
cell lysates were prepared and tested for the p-secretase enzymatic activity. Hie amount of p- 
secretasc activity expressed by transfected 293T cells was comparable to or Ugher than that 
expressed by CosA2 cells used in the single transfection studies. Western blot assays were 
carried out on conditioned media and cell lysates. using the antibody 1308. and Ap ELISAs 
carried out on the conditioned media to analyze the various APP cleavage products. 


Claims 


1 . A p-secrctase inhibitor, comprising a peptide containing the sequence SEQ ID 
NO; 78 (VMXVAEF, where X is hydroxyethylene or statine), including conservative 
substitutions thereof. 

2. The P-secretase inhibitor of claim 1, having the sequence SEQ ID NO: 78 
(VMXVAEF) or SEQ ID NO: 81 (EVMXVAEF), where X is hydroxyethylene or 
statine. 


3. A p-secretase inhibitor having the sequence SEQ ID NO: 72 (P10-P4'sta 
D^V). 
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